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FEDERAL SUBSIDIZATION OF MEDICAL EDUCATION * 
BY J. S. SPEED, M.D., MEMPHIS, TENNESSEE 


It is unnecessary to bring to the attention of this Association the fact that our Nation 
is facing the most serious crisis or series of crises with which it has ever been confronted. 
These crises are both international and domestic. International crises we have had before, 
but they have been solved because we were united in the basic concepts which directed our 
efforts. If we are to have sound leadership to guide our international policy today, we 
must revise our national thinking to conform closely to the fundamental principles of a 
true democracy. 

During our lifetime, this country has passed through two world wars; and, from 
present indications, it may soon be involved in a third. Whether or not there is a third war, 
we are already engaged in a domestic struggle of conflicting ideologies, an effort by certain 
elements of our people to reverse the concepts upon which our Constitution was founded, 
especially the concepts that the freedom of the individual is paramount and that the 
function of the state is solely to preserve this freedom. 

With each national crisis, our Federal Government has assumed more power, leaving 
the individual with fewer liberties and dulling his consciousness of personal responsibility 
in shaping the destiny of our country. Freedom and responsibility go hand in hand; we 
sannot have either without both. 

Our greatest danger stems from within ourselves,—a weakening of our moral fiber, a 
loss of our sense of national obligation, and a loss of our desire and of our courage to strug- 
gle with the problems which confront us. We are more and more content to barter our 
liberty for bondage to a government which promises peace and security without individual 
effort. The principles of freedom and individual initiative upon which our Nation was 
founded have been the source of our strength. It would be disastrous if we were to lose 
that freedom as a result of the very efforts and sacrifices we are making to secure it. 

Freedom of education is the foundation upon which all other freedoms are erected, for 
education shapes the processes of thought. Thinking cannot remain unfettered if its 
sources and the methods of its teaching are controlled by the Federal Government. Local 
self-government in education and local responsibility for its support are two of the most 
priceless of American heritages and are the key to the maintenance of our system of 
government. 

Expansion of the scope of education and the ever-rising costs of education have 
made the preservation of its independence primarily a question of financial support. It is 
but natural that the presidents and trustees of our colleges and universities, who are hard 
pressed to obtain the funds necessary to carry on the activities of their institutions, should 
look with favor upon the offer of various types of Federal subsidies as a source of relief 
from their troubles. They should remember, however, that to become dependent upon 
such subsidies is to lose their independence; it is a well recognized economic principle that 
the sources of support eventually become the sources of controf. A recent decision of the 
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_.* Presidential Address presented at the Annual Meeting of The American Orthopaedic Association at 
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Supreme Court of the United States has established both the legality and the responsibil- 
ity of the Federal Government to control the activities of subsidized projects.® 

For the past fifteen years, bills seeking authorization for Federal aid to education 
have been introduced in Congress. The term ‘‘ Federal aid to education” is an innocent 
sounding description of a vicious type of legislation which plans eventually to remove 
from the people and to allocate to the Federal Government the power to subsidize and 
to regulate education. We have had ample warning from the experiences of foreign coun- 
tries and from the Federal subsidization of other phases of our own national economy that 
the trend toward the Federal subsidization of our school system is one of the most danger- 
ous phases of the expanding authority of the Federal Government. 

Is this an irresistible trend, inherent in the social and economic revolution which seems 
to be engulfing the world today? It certainly is not! If the states, communities, and in- 
dividuals will take back the powers and responsibilities which our Constitution specifically 
guarantees to us, and face them realistically, any wrongs or evils now existing can be cor- 
rected. One of the most effective means of curtailing the program of the expansion of 
Federal authority would be the reduction of the sources of Federal income. This can be 
accomplished by limiting, except in time of war, the power of the Federal Government to 
levy taxes beyond a fixed maximum. 





The passage of the Sixteenth Amendment to the Constitution, in 1913, giving to the | 
Federal Government almost unlimited power to impose taxes, has marked a new era in | 


our social and political philosophy,—an era which has produced, directly or indirectly, 
profound changes in the American concept of the relation between the individual and the 
state. The repeal of this amendment may be nearer than we think. Already (as of January 
1951), resolutions have been passed by both houses of the legislatures of twenty-two 
states and by one house in an additional six, petitioning the Congress of the United States 
to repeal the Sixteenth Amendment and to replace it with another which will limit the 


power of the Federal Government to tax incomes, gifts, or inheritances in excess of | 


twenty-five per centum. 

Thus far, subsidization of education in general has failed, but the struggle has not 
been abandoned. It has simply been concentrated upon the more localized and vulnerable 
field of medical education. Since education for the medical profession is more expensive 
than that for any other career, the problem of meeting its rising costs is more acute. The 
problem cannot be solved, however, without consideration for the fundamental principles 
of freedom of thought and independence of administration, which apply to all forms of 
education. 

In 1948, the Federal Security Administrator, Oscar R. Ewing, submitted to President 
Truman a report on the health of the nation. The report included a plan for certain health 
goals by the expansion of government medical programs to be supported by compulsory 
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health insurance. Dr. Frank G. Dickinson, Director of the Bureau of Medical Economic | 
. . . . . . . . ' 
Research of the American Medical Association, made an analysis of this report, clearly 


showing that the conclusions stated therein were not based upon sound economic rea- 
soning, and that they did not represent a true picture of health conditions. Despite the 
obvious fallacies and mis-statements contained in the Ewing document, it has been used 
to justify most of the legislation introduced into Congress to subsidize medical 
education. 

The bill to amend the Public Health Service Act and the Vocational Education Act 
of 1946 (S. 1453), the ‘Emergency Professional Health Training Act of 1949”, which 
has. passed the Senate and is now held in committee by the House, in its ‘‘ Declaration of 
Policy” states: (1) There is an emergency shortage of physicians which will increase 
unless present facilities for training are expanded; (2) The cost of providing adequate 
professional training is so high that it is impossible for medical schools to operate at 
present capacity or to expand on a sound financial basis with income derived from private 
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and state support; (3) Therefore, it shall be the policy of the United States to utilize such 
of its resources as are necessary to provide adequate numbers of trained physicians. 

Actually, there is no emergency shortage of physicians, and in all probability there 
will not be, with the natural expansion of medical schools under the present system of 
financing. Our seventy-nine medical schools today have an enrollment of almost 7000 
first-year students, of whom approximately 6000 a year will be graduated after 1953 and 
1954. Increased state appropriations and other non-federal funds have enabled many 
schools to increase their enrollments. The University of Tennessee, for example, which is 
conducted on the quarterly system, will increase its freshman class from 140 to 200 
during the next year. Such expansion is healthy, provided quality is not sacrificed for 
quantity, a change of emphasis which the proposed methods of providing subsidies in the 
emergency training act would certainly encourage. Medical teaching is highly individual- 
ized and cannot be expanded at will on a government mass-production basis. The medical 
profession has taken the lead in all past improvements in the quality of medical care and 
is thoroughly competent to continue to do so in the future. 

The supply of doctors, or the population-physician ratio, does not entirely determine 
the supply of medical “service” available. Increasing use of hospitalization and the as- 
sistance of trained technical personnel have enabled the doctor to care for more patients, 
in other words, to render more medical service. 

Vital statistics, such as those on infant mortality, deaths from communicable diseases, 
and increased life expectancy, all indicate that the Nation is receiving adequate medical 
vare and that this care is improving each year. 

Thus, there is no sound economic foundation for the medical calamity predicted in 
the Ewing report and no emergency necessitating the dangerous legislation proposed to 
correct it. The report should be regarded, not as a guide for medical planning, but merely 
as propaganda to be used for furthering socialistic legislation. 

The second and third items in the declaration of policy of the Act are subject to 
criticism on the grounds of both the necessity for and the wisdom of Federal subsidies to 
education. 

The whole problem of the financial needs of the medical schools should be settled 
by comprehensive surveys to determine the best methods of providing the schools with 
adequate funds to perform their proper functions without sacrificing their academic free- 
dom. Much informative data relating to the cost of medical education and its possible 
sources of supply have been accumulated through such surveys as those made by the 
American Medical Association, the Association of American Medical Colleges, the Sur- 
geon General’s Committee on Medical School Grants and Finances, and the National 
Fund for Medical Education. The conclusions reached from these surveys are available 
in their published reports. 

It is generally agreed, and properly so, that our present system of public education 
is a public responsibility and should be supported largely by taxation. These taxes should 
be levied and disbursed and the control of the schools maintained at the state and local- 
community level. From the success of many states in non-federal financing, it would 
appear that, with the exception of extensive research programs, our colleges and uni- 
versities can obtain ample financial support from both state taxation and private dona- 
tions, if the trustees will make fund-raising an integral part of their administrative pro- 
gram. New York has converted two privately supported medical schools into State in- 
stitutions. In view of the desirability of maintaining the independence of privately con- 
ducted educational institutions, Pennsylvania has perhaps adopted a wiser course in 
making permanent annual grants to all medical schools in the State without any strings 
attached. The legislatures of many other states have appropriated sufficient additional 
funds to finance both the construction and maintenance of state institutions. 

There are numerous other sources of income which have not been adequately ex- 
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plored, nor has the proper approach from the public-relations point of view been made to 
this vast potential reservoir of funds for medical education. Too much emphasis has been 
placed upon the needs, the deficiencies, and the pessimistic outlook of our institutions of 
higher learning, and not enough emphasis has been placed upon the creation of a public 
consciousness of the indispensable service which colleges and universities are rendering to 
every phase of American progress and well being. 

It is a common mis-statement that the present rate of Federal taxation has dried 
up the sourees of philanthropic giving. A recent survey * shows that, during the period 
from 1922 to 1929, the annual donations of 82,753 taxpayers whose income was over 
$25,000 amounted to $162,600,000, whereas in 1947, the annual donations of 195,675 
taxpayers in this group amounted to $346,001,000. Business and corporation executives 
clearly recognize the important part medical progress and research contribute to the 
expansion of American industry. They realize that, in order to share in the benefits of 
medical progress, industry must aid in the support of medical education and research just 
as it does in supporting technical education and research. 

In 1949, the National Fund for Medical Education was formed by a group of leading 
business men and university presidents to crystallize this consciousness of responsibility 
into a pattern of practical support for medical education. The study of the problem made 
by the National Fund for Medical Education led, in general terms, to the following con- 
clusions: 

1. The rising costs of medical education make additional sources of financial support 
necessary ; 

2. Grave risks are involved in allowing the solution of this problem to rest entirely 
with the Federal Government; 

3. Medical research and education flourish and complement each other only in an 
environment which permits wide latitude for original scientific thinking. To the extent 
that scientific educational environment remains unfettered, scientific research will 
progress; 

4. It is desirable that private support be enlisted in an effort to balance state and 
Federal support. This will help to preserve academic freedom, leaving the medical schools 
dependent upon no single source for their revenue. 

The foregoing conclusions, reached by a group of practical business men and eminent 
educators after a careful study of the whole problem of medical education, are sound. 
They are in accord with the opinions expressed by Dr. Harvey B. Stone and Dr. Donald 
G. Anderson, representing the American Medical Association in their testimony before 
the Senate Committee on Labor and Public Welfare in 1949, when the National Health 
Insurance and Public Health Act were being considered.? 

It is true that the Federal Government has for years contributed to land-grant col- 
leges and that it has supported medical research. Specific grants for research, however, do 
not present the same dangers as subsidies, since they do not affect the basic educational 
planning. While it is theoretically difficult in any given medical school to separate the 
organization and financing of research from those of basic medical training, practically, 
it can be accomplished quite accurately. Federal grants-in-aid for medical research, par- 
ticularly if the research is part of a problem of national scope, are proper sources of income 
for medical schools. 

Organized medicine should also share in the financial responsibility for medical teach- 
ing. The tuition of the average medical student pays for less than one third of the cost of 
training necessary to qualify him for practising his profession. He should be willing to 
return some part of the income from his practice to the source which provided him such an 
opportunity. The American Medical Association concurs in this opinion and is contribut- 
ing to the National Fund for Medical Education. 

In summary, a study of the factual data available indicates that adequate funds 
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for the support of the basic training of our medical schools can be obtained from private 
sources and from taxation at the community and state level. Federal funds should be 
limited to grants for specific purposes which do not impinge upon the principle of educa- 
tional freedom. The amounts of these grants should be such that their withdrawal would 
not imperil sound financial planning for medical education. 

Perhaps I can best convey to you the lesson every American citizen should learn by 
quoting the convictions of one of our greatest educators, Dr. Nicholas Murray Butler: 

“There is not enough money in the United States, even if every dollar of it were 
expended on education, to produce through federal authority, or through what is naively 
called cooperation between the Federal Government and the several states, educational 
results that would be at all comparable with those that have already been reached under 
the free and natural system that has grown up among us. 

“Unless the school is both the work and pride of the community it serves, it is 
nothing. A school system that grows naturally in response to the needs and ambitions of a 
hundred thousand different communities will be a better school system than any which 
‘an be imposed upon these localities by the aid of grants of public money from the Federal 
Treasury, accompanied by federal regulations, federal inspections, federal reports, and 
federal uniformities.”’ 

Academic freedom cannot be safeguarded simply by writing into the various health 
acts clauses presumably limiting the scope of Federal control. The personnel and policies 
of the Federal Government are constantly changing. Previous commitments are easily 
altered or revoked by agreement of a majority of Congress, or, in some instances, by the 
proclamation of a single administrative official. Once the pattern for Federal subsidization 
of the basic phases uf education, whether it be general or medical, has been established, its 
expansion and control at the Federal level will inevitably follow. It is our duty, as leaders 
in the field of medical education, to make certain that the freedom and independence of 
medical education are conserved. 

Note: The speaker wishes to acknowledge the kind assistance of Dr. Edward H. Leveroos, Secretary on 
Medical Education and Hospitals, American Medical Association, Dr. Frank G. Dickinson, American Medi- 
cal Association, and Dr. Dean Smiley, Association of American Medical Colleges, in the preparation of this 
address. 
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RESTORING FLEXION TO THE PARALYTIC ELBOW * 


BY STERLING BUNNELL, M.D., SAN FRANCISCO, CALIFORNIA 


In the hand, which is the important part of the upper extremity, function is dependent 
upon the ability of the arm to manoeuvre and stabilize the hand for action. Paralysis of 
the flexors of the elbow in the absence of fusion or bone block of the elbow renders the hand 
useless. If there is control of the shoulder, flexion of the elbow is of major importance, 
extension being used only for pushing upward, outward, and downward. The purpose of 
this paper is to show that there are several useful methods of restoring voluntary flexion 
to the elbow. 

So often various other groups of muscles of the extremity are also paralyzed that we 
may be at a loss to find a muscle suitable for transfer. Although Steindler’s well-known 
method of transferring the origin of the epicondylar muscles in the forearm to a point 
two inches up the medial border of the humerus is the recognized procedure, these 
muscles may not be available for transfer. In solving such a problem, we should first 
consider, as a basis, which actions are needed and which muscles are available. 

There are five methods of muscle transfer, the success of the last three of which is 
best demonstrated by the moving pictures shown: 

1. Steindler’s operation (transfer of epicondylar flexors) ; 

2. A modification of Steindler’s operation which makes some supination possible; 
3. Transfer of the triceps muscle; 

4. Transfer of the pectoral muscle; 
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Fia. 1 Fia. 2-A 
Fig. 1: Modification of Steindler’s operation for obtaining a degree of supination in flexion of the 


elbow. 
The origin of the epicondylar flexors in the forearm is fastened to a point two inches up the lateral 


border of the humerus by means of a free ligamentous graft of fascia lata. This method may be used when 
the flexor carpi ulnaris is not available to pass around the back of the forearm in order to achieve 


supination. 
* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 31, 1951. 
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RESTORING FLEXION TO THE PARALYTIC ELBOW 


Fig. 2-B Fira. 2-C 


J. McK. The patient’s entire right arm and shoulder, with the exception of those muscles supplied by 
the posterior thoracic nerve, were paralyzed as a result of a belt-and-pulley traction injury on October 
8, 1940. Four months later, all the trunks of the brachial plexus, which had been torn apart, were re- 
paired except the posterior thoracic nerve, overcoming gaps up to four inches. 

Function returned to the shoulder, including the pectoral, latissimus dorsi, supraspinatus, infra- 
spinatus, subscapularis, teres and triceps muscles, and sensation was restored throughout. Slight activ- 
ity was restored to the pronator teres and flexor carpi radialis but not to any other muscle below the 
elbow. Therefore, an amputation was done above the wrist on October 31, 1945. 

Fig. 2-A: During the operation the whole triceps muscle was detached from the olecranon, prolonged 
by a free tendon graft from an extensor tendon of the wrist, and attached to the bicipital tuberosity of 
the radius with removable stainless-steel wire. 

Figs. 2-B and 2-C: The eventual result was the ability to abduct the arm to the horizontal position 
and to control the shoulder in all directions. The patient could flex his elbow with a pull of 20 pounds 
to 5 degrees above the right angle (limited by an old injury to the elbow). He was able to use an artificial 
arm. 
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Fia. 3 Fig. 4-A 


Fig. 3: Method of attaching biceps tendon or tendon graft to the bicipital tubercle of the radius. 

The pronator teres and supinator longus are retracted apart to expose the tubercle, which is then scraped 
and drilled through while the forearm is in supination. A No. 30 stainless-steel wire, braided into the 
tendon and made removable by a pull-out wire, is passed through the hole and out through the back of 
the forearm. The suture pulls the tendon snug to the bone and is fastened to a button on the back of the 
forearm, The pull-out wire is brought out through the skin and left projecting. After a month, the 
button is clipped off and the wire suture is withdrawn. 
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Fig. 5-A 


J. B. C. Poliomyelitis left this pa- 
tient with a useless right upper ex- 


FLEXION TO THE PARALYTIC ELBOW 





Fic. 5-B 


tremity. He had a flail shoulder and elbow and a partially paralyzed hand. Control to as far as the elbow 
was given by arthrodesing the shoulder. Arthrodesis of the wrist and transferring several tendons gave 
activity to the hand, but the hand was still useless as he could not flex his elbow. 

Voluntary flexion of the elbow was obtained by transferring, on July 27, 1948, the sternocleidomastoid 
muscle and prolonging it with a strip of fascia lata, one and one-half inches wide by one foot long, to the 


bicipital tuberosity of the radius. 








Fic. 5-C 











Fic. 5-D 


The eventual result was that the practical functioning of the arm and hand was restored to such an 
extent that the patient’s outlook and morale were greatly improved. Through the motion of the arm, 
he could place and move his hand about so that he could use the hand for light work to a useful degree. 
He could also flex his elbow freely and with moderate strength. 
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5. Transfer of the sternocleidomastoid muscle. 
Each of these methods, with the exception of Steindler’s, which is well known, will 
be described. 


Modification of Steindler’s Method (Fig. 1) 


This modification tends to lessen the decided pronatory tendency following transfer 
of the epicondylar muscles to the medial border of the humerus. The origin of these 
muscles is prolonged by a free graft of fascia lata, so that it will reach to two inches up 
the lateral instead of the medial border of the humerus. The effect is a moderate but not 
a complete correction of the pronatory tendency. The standard supplementary procedure 
for obtaining better supination is to transfer the tendon of the flexor carpi ulnaris, if this 
muscle is active, around the back of the forearm to the lower end of the radius. 


Transfer of Triceps Muscle (Fig. 2-A) 

This operation, according to Campbell, is ‘unsatisfactory’’, and according to Steind- 
ler, ‘although it has given occasional results, cannot be generally recommended because 
of anatomic difficulties, and, second, because the loss of function of the triceps is too 
great a sacrifice”. The author, however, has used the method with success. The triceps 
will not reach to the radial tubercle, but, when it is prolonged by a short fascial or tendon 
graft, this difficulty is overcome. The whole of the triceps is used, as a muscle should not 
have two opposing functions. It is far more important to flex than to extend the elbow, 
and the loss of the triceps as an extensor robs the patient only of the ability to push the 
arm up or away from the body. 

The technical difficulty of attaching a tendon to the bicipital tubercle of the radius 
is readily overcome by the following method (Fig. 3): The brachioradialis and pronator 
teres muscles are separated and retracted, and the exposed tubercle is scraped and drilled 
through. The two ends of a No. 30 stainless-steel wire are braided down through the ten- 
don and are passed by a Keith needle through the drill hole and out the back of the fore- 
arm. As the elbow is flexed, these wires are pulled in order to snug the tendon against 
the roughened tubercle and are fastened on the back of the forearm to a button. After a 
month, when the tendon has grown to the bone, the button is cut off, and the wire suture 
is drawn out backward by a loop of pull-out wire provided for that purpose. 


Transfer of Part of Pectoralis Major Muscle (Method of Clark) (Fig. 4-A) 

In many mammals there is a separate lower part of the pectoral muscle which is 
attached to the fourth, fifth, and sixth ribs. The corresponding part in man has fused 
to the main muscle but still retains its separate nerve supply. Clark, in 1946, separated 
a strip two and one-half inches wide of the lower part of the pectoral muscle from its ori- 
gin on the ribs and raised this strip of muscle with its nerve and blood supply intact. 
The muscle was then passed down through the paralyzed biceps and sutured there at 
about the musculotendinous junction. The same procedure was later followed by other 
surgeons. The action of the main pectoral muscle is not lost by this method and a fairly 
strong action of flexion of the elbow results (Fig. 4-C). 

Seddon recently reported on sixteen cases. He takes a tail of rectus abdominis sheath 
with the pectoralis major muscle and identifies the nerve by bipolar electric stimulation. 
He reports that flexion was strong in seven patients and in all but one of the others there 
was good movement. Some of his patients learned to contract the two parts of the pectoralis 
major independently within a period varying from six to twenty-four weeks. 


Transfer of Sternocleidomastoid Muscle (Fig. 5-A) 


The lower attachment of this muscle is severed, and the muscle is passed subcutane- 
ously down the arm and prolonged by a long free graft of fascia lata. The latter is then 
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attached by the above method to the bicipital tubercle of the radius by a pull-out suture. 
This operation provides good voluntary flexion of the elbow. 

The second, third, and fifth of these methods are made possible by prolonging the 
transferred muscle with a free graft of tendon or fascia lata, and by a simple technique 
for attaching the muscle to the bicipital tubercle of the radius. 
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DISCUSSION 

Dr. C. E. Irwin, Warm Sprinas, Georaia: To me, as I am sure it was to you, this sternocleidomastoid 
transfer is most impressive. My experience with flexorplasty at the elbow is limited to Dr. Steindler’s original 
operation and to Dr. Bunnell’s modification of that procedure. Therefore, I can discuss this paper only in a 
general way. I would like to discuss it particularly as it is related to the poliomyelitic patient. 

I want to stress one or two points of practical importance which, I think, if not appreciated might prove 
pitfalls to those of you who have not had experience with this operation. Flexorplasty may take away more 
independence from the poliomyelitic patient than it will add. Dr. Bunnell stated, if I interpret his statement 
correctly, that extension was used only for pushing upward and outward. There is one other very important 
function of extension and that is the ability to push downward. The fact that a patient may be able to support 
his body weight on the outstretched arm may be the key to that patient’s independence. 

For instance, the patient who walks on crutches needs full extension of the arm to support his body weight 
in getting out of a chair. For this action he must go through the following motions: he must push himself 
backward into an upright position; he must then extend his arms fully; and for a moment he must rest his 
body weight on one extended arm to reach for his crutches. Once he is on his feet, he again requires full ex- 
tension of his arms for weight-bearing. The wheel-chair patient also needs extension, for the purpose of 
shifting his body weight from one position to another. For instance, he uses extension for getting out of his 
chair onto his bed, or for getting from his chair onto the toilet, et cetera. 

The most efficient flexorplasties in my experience may have been those in which some residual flexion 
contracture is evident in the end result. This can be obtained from a Bunnell modification of a Steindler 
flexorplasty. However, as this would result in more flexion than a weak triceps can stand, I think such a 
patient’s independence would be severely restricted. I am sure Dr. Bunnell has taken this into consideration. 
I merely want to stress the advisability of not doing a flexorplasty on every patient who lacks flexion of the 
forearm toward the arm, even though he has available motor power for transfer from one or more sources. 
A patient who is ambulatory without supportive apparatus, who cannot flex the forearm toward the arm, 
and who has a motor suitable for transfer is an ideal candidate for flexorplasty. I think this is one of the most 
useful procedures we have for rehabilitation of the upper extremity. 

When I received Dr. Bunnell’s abstract, I looked up some muscle values related particularly to fiber 
length and to excursion. These were interesting to me, and I shall pass them on for what interest they might 
have for you. The biceps has an average fiber length of 5.1 inches and experimental excursion of 2.5 inches. 
The pectoralis major has a fiber length of 6 inches and an excursion of 3.4 inches. On that basis it would seem 
that transferring the pectoralis major to the biceps, particularly with a good base from which it can function, 
would be an ideal procedure. On the other hand, the triceps has a fiber length of 3.1 inches and excursion of 
1.7 inches, both much less than that of the biceps. In addition to the inadvisability of removing the extension 
of the forearm toward the arm, it would seem that transfer of the triceps would not be as satisfactory. 

I would like to describe a different technique for mobilizing a muscle mass for transfer. I believe that 
in the hands of the occasional operator, this procedure can be performed more safely and with more assurance 
than those in use at the present time. 

An incision about three and one-half inches in length is made, beginning just above the medial epicondyle 
of the humerus and extending distally toward the radial side. The lateral flap is reflected and the lacertus 
fibrosus is divided. The median nerve is identified but not disturbed. In the distal end of the incision an inter- 
nervous plane between the sublimis mass and the mass of the flexor carpi ulnaris profundis is easily identi- 
fied. By inserting a finger, the operator can carry dissection proximally “with the grain” of the musculature 
without danger of damaging vital structures. The ulnar nerve and artery are plainly visible beneath the dis- 
secting finger on the profundis mass just under the border of the flexor carpi ulnaris. The median nerve is 


(Continued on page 590) 
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BOW ELBOW (CUBITUS VARUS) 


BY DON KING, M.D., AND CHARLES SECOR, M.D., SAN FRANCISCO, CALIFORNIA 


From the Division of Ortho:aedic Surgery, Stanford University 
School of Med: . .e, San Francisco 


The normal outward deviation of the supinated forearm at the extended elbow is not 
an anatomical characteristic peculiar to man. This inclination or “carrying angle”’ appears 
early in intra-uterine life, is completely developed in the newborn, and, under normal 
conditions, remains unchanged throughout life. 

The astonishing appearance of progressive ulnar paralysis in patients with an ab- 
normal enlargement of the carrying angle (cubitus valgus) long ago directed the attention 
of surgeons to this curious condition and quickly led them to a full understanding of its 
genesis and treatment. An incomplete anatomical reduction of the upward, outward, or 
rotational displacement of a child’s fractured lateral humeral condyle may be followed by 
non-union and a slowing or cessation of growth in the lateral half of the epiphysis. The 
carrying angle then becomes greatly increased, and eventually the ulnar nerve becomes 
damaged by stretching over the apex of the angle on the inner surface of the elbow. 
Moreover, since the head of the radius now articulates against a movable, ununited 
capitellum, the joint is weak, unstable laterally, and possibly painful. 

Supracondylar osteotomy of the humerus (to correct the knock-elbow deformity), 
anterior transposition of the ulnar nerve (for the neuritis), and, infrequently, bone grafting 
of the capitellum to the humerus (to improve stability) are the ordinary surgical ap- 
proaches to the problems presented by cubitus valgus. 

These serious and dramatic complications have made cubitus valgus a favorite and 
fascinating subject for both authors and readers, so that over the years an abundant but 
somewhat repetitious literature has developed. 





i a. 
Fia. 1 Fia. 2 





Fig. 1: The upper extremities of a woman, aged fifty-five years, with cubitus varus of the right elbow 
as the result of a fracture at the age of five. There is no disturbance of function, but she has always been 
“sensitive” about its appearance. ; 

Fig. 2: Medial tilting of the distal fragment caused by splinting the arm against the trunk (a). This 
may result in cubitus varus (b). 
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Cubitus varus of the right arm, 18 degrees. Normal carrying angle of the left. arm, 15 degrees. Cor- 
rection necessary, 33 degrees. 


Fia. 3-B Fig. 3-C 


lig. 3-B: Result one year afterward. Overcorrection about 5 degrees, 
_ Fig. 3-C: A postoperative roentgenogram to illustrate the placing of pins and clamp. The osteotomy 
is shown held open with bone grafts. 
CUBITUS VARUS 
The inward inclination of the supinated forearm on the extended elbow is the antith- 
esis of cubitus valgus. The elbow is bowed outward, making a ‘‘bow-elbow”’ or cubitus 
varus deformity (Fig. 1). Although cubitus varus occurs more often * and is more un- 
* Kight to one in our series. 
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Fia. 5-A Fia. 5-B 


Fig. 5-A: Cubitus varus of the left arm, 1936. 
Fig. 5-B: Roentgenogram of the same arm in 1949, thirteen years after the osteotomy. 


sightly than cubitus valgus, it has attracted little attention, and few authors have digni- 
fied the deformity by writing about it. 


Etiology 


The sole cause of the deformity in the fifteen patients treated by us was an un- 
reduced medial tilt of the short distal fragment in a supracondylar fracture of the humerus. 
Three of our patients did not have a doctor at the time of the injury, but carried the 
broken arm in a sling against the convex surface of the trunk,—a perfectly natural splint, 
but one with a tendency to adduct the distal fragment and to produce cubitus varus 
(Fig. 2, a and b). Observation of several of these patients over a period of years indicated 
that there is little if any tendency to spontaneous correction of the deformity. 


SURGICAL CORRECTION OF CUBITUS VARUS DEFORMITY 
Preoperative Roentgenograms 


With the patient supine, anteroposterior roentgenograms of the upper extremities 
are made, the elbow being in 180 degrees of extension and the forearm in complete supi- 
nation. The degree of deformity, the normal carrying angle, and the amount of correction 
necessary are thus easily ascertained (Figs. 3-A, 3-B, and 3-C). The osteotomy is sketched 
on a paper model made from the preliminary roentgenograms, the forearm and the distal 
fragment are abducted into the corrected position, and the width of the osteotomy open- 
ing is measured. 


Operation 


A tourniquet is applied close to the axilla, and the arm is placed on an arm board. 
The incision begins about two inches below the medial epicondyle, extends upward di- 
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rectly over the olecranon fossa, and continues some four to six inches along the medial 
surface of the upper arm (Fig. 4, a). The ulnar nerve is mobilized and retracted forward, 
the small branches to the flexor carpi ulnaris being preserved. The bone is exposed be- 
tween the triceps and the medial septum. After the osteotomy, which is done about one- 
half inch above the epiphyseal plate, has been carried partially across the bone, a Stein- 
mann pin is inserted into the distal end of the proximal fragment; then a second pin is 
inserted into the proximal end of the distal fragment, just above the epiphyseal plate. 
These pins must be placed posterior to the ulnar nerve (Fig. 4, b). 

A Riedel clamp is fastened to the projecting ends of the pins, and the osteotomy 
is completed. Correction can now be easily and safely obtained without losing control of 
the distal fragment. It is also possible to move the short fragment around into the cor- 
rected position without extending the elbow. This is an important advantage in severe 
deformities, for the ulnar nerve may be very tight, even though it now lies anterior to 
the medial epicondyle. A tibial graft, cut to the proper length, is snugly wedged into the 
mouth of the osteotomy and the remaining ‘‘dead space”’ is filled with smaller grafts 
(Fig. 4, c). At this point, if the elbow can be extended, one can check the correction with 
an arthrometer. After closure, the Riedel clamp is incorporated in a long arm cast, ap- 
plied with the elbow in 90 degrees of flexion. 


Postoperative Care 

Four weeks later, cast, clamp, pins, and siitches are removed; and a light cast is 
applied and worn for another four weeks. Following its removal, two additional weeks in 
a sling completes the period of protection. The active exercise of natural use which a 
normal child will give a painless arm is all that is required for the restoration of move- 
ment; but many months are required for this to occur. This must be emphasized to the 
parents before the operation, and it is well to mention it several times during the eight 
weeks the arm is in the cast. Otherwise the tendency is to expect a miraculous restoration 
of function as soon as the cast has been removed. 


Results 

Fifteen patients with deformities ranging from 20 to 50 degrees have been treated 
as described, with perfect corrections obtained in twelve. (Figures 5-A and 5-B are illus- 
trative of a typical case.) A perfect correction means a complete restoration of the normal 
‘arrying angle. In three, the arm is straight in extension,—that is, there is no carrying 
angle, nor is there any varus. There was in three patients temporary ulnar paralysis 
which disappeared completely by the time the cast was removed. 


SUMMARY 

The normal carrying angle of 10 to 20 degrees is present early in intra-uterine life, 
does not*#change during childhood, and remains remarkably constant throughout adult 
life. An unreduced fracture of the lateral humeral condyle will result in a marked exag- 
geration of this angle, while an unreduced supracondylar fracture is the common cause 
of cubitus varus. This latter deformity is unsightly but remarkably quiescent. Fifteen 
such deformities have been corrected surgically with excellent results, no permanent 
complications, and no recurrences. 
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CLUB-FOOT: ITS INCIDENCE, CAU. E, AND TREATMENT 
An ANATOMICAL-PHYSIOLOGICAL Stupy*} 


BY STEELE F. STEWART, M.D., HONOLULU, TERRITORY OF HAWAII 


“Error chokes the windows of the mind”’, wrote Davies about three and a half cen- 
turies ago (The Vanity of Human Learning). 

It is the author’s wish to clear three windows in the house of club feet; the wicket- 
window on the path they come, the casement of their living room, and the postern-window 
that looks to the street called “‘Straight’’. 

What is the cause of club-foot? The answer must be sought for in more than one field. 
We must gather evidence from statistics, from history, and from paleontology and em- 
bryology as well as from anatomy. 


STATISTICAL EVIDENCE 
Heredity 


Club-foot appears to be hereditary in some ethnic groups. In Hawaii ethnic origins, 
for economic and educational reasons, are systematically recorded at birth; all congenital 
defects must be reported by the accoucheur; there is excellent orthopaedic follow-up of 
all reported disabilities; and the population is insular and for the most part immobile. 
These conditions create an unusual opportunity for studying the incidence of congenital 
defects. The Territorial Board of Health has furnished me with records of congenital de- 
formities as of January 1, 1950, from which Table I has been compiled. 


TABLE I 


INCIDENCE PER 100,000 of CoNGENITAL DEFORMITIES AMONG NATIVES AND AMONG OTHER [Erunic Groups 


Population Congenitally Cleft Palate 
below Twenty-one Club- Dislocated and 
Group in Thousands Foot Hip Hare Lip 

Hawaiian 8 290 0 290 
Part Hawaiian 66 74 2 19) 
Caucasian 18 102 12 50 
Chinese 17 62 6 ill 
Filipino 34 53 6 102 
Japanese 109 39 21 106 
Korean 1 72 0 73 
Puerto Rican 7 58 15 0 
Other 1 0 0 0 
Average 93.7 7 97 
Average omitting Hawaiian 65.5 7 69 


The considerably greater incidence of club-foot and cleft lip and palate among Ha- 
Waiians than among other elements of the population is obvious, and the effect of introduc- 
ing another ethnic strain into the Hawaiian is likewise clear in all three conditions. 
Incidence 

Club-foot apparently occurs more frequently in some families than in others. Among 

* Read at the Annual Meeting of The American Orthopaedic Association, Virginia Beach, Virginia, 
May 24, 1950. 

} Revised manuscript received August 21, 1950; complete illustrations received March 7, 1951. 
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FAMILIAL CLUB-FOOT 
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Cuarr I . : 


240 individuals treated for club-foot at the Honolulu Unit of the Shriners’ Hospital be- 
tween 1924 and 1944, there were ten families giving a history of club-foot in more than one 
generation (Chart I), and seven families presenting siblings with club-foot occurring (so 
far as is known) for the first time in their respective families (Chart II). There may have 
been other cases which were not remembered or not reported. Again we note the Hawaiian 
predominance. 

All recorded series of club-foot show a two-to-one male predominance. In our series 
64.5 per cent. of the club feet were in males and 35.5 per cent. in females. 

Bilateral and unilateral club-foot was about equally distributed in our series. Jones 
and Lovett indicate a slight unilateral predominance. 


HISTORICAL EVIDENCE 
Paleontology 
Paleontology offers some interesting sidelights on the problem of club-foot. One of 
the earliest ground sloths of the Americas, the Hapalops, lived several million years ago in 
the Miocene era. He was about four feet long and had straight feet. The fourth toe was 
the longest. In the course of time, this line developed into almost elephantine creatures 
who walked on the outer side of their feet, as we know from the Folsom footprints. The 
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CLUB-FOOT AMONG SIBLINGS WITH NO KNOWN CLUB-FOOTED ANCESTORS OR COLLATERALS 
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Cuart II 


first toe had nearly disappeared; the third toe was greatly enlarged; and, in some descend- 
ants of this group, only a mighty weight-bearing fifth metatarsal remained of the fifth fin 
ray. The foot of one specimen of ground sloth examined by the writer showed a peculiar 
right-angle bony lever in the sole of the foot which was connected to the third metatarsal 
(Fig. 1-A). Various branches of the family had distinctive foot changes within the adducted 
and supinated foot. This line probably died out within the last thousand years. 

These facts would point toward either the development de novo of a dominant char- 
acteristic, or the transformation, through unkr.own causes, of a recessive characteristic 
into a dominant one, 

The specimen in Figure 1-B, an extinct marsupial Diprotodon, comes from Australia; 
we know nothing of its ancestors. It was nearly as big as an elephant and had several 











NOTHROTHERIUM 


DIPROTODON 








Fia. 1-A Fic. 1-B 


Fig. 1-A: Ground sloth Nothrotherium, showing the development of one type of club-foot. (Los 
Angeles County Museum of Science, History, and Art; American Museum of Natural History, New 
York; Kensington Museum of Natural History, London.) 

Fig. 1-B: Marsupial Diprotodon Australias, showing a very different type of club-foot. (Australian 
Museum of Natural History, Sidney, Australia; American Museum of Natural History, New York; 
Kensington Museum of Natural History, London.) 
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unique skeletal characteristics. In its four- 
teen-inch hind feet, the calcaneus is twisted in 
the same manner as that in a human club 
foot. Its major toe is the fifth. Its tarsal and 
tarsometatarsal joints show facets which per- 
mit marked dorsiflexion in the mid-portion of 
the foot. 

If our children were afflicted with this 
type of foot, we would call them club-footed; 
yet for untold generations these creatures 
walked the earth and secured a satisfactory 
livelihood. The question may therefore be 
raised whether a deformity is anything more 














RIA P ‘ ; ‘ 
PEM YOV thar ath a than an evolutionary variant which, given the 
Fig. 2-A Fic. 2-B proper environment, might go on to a satis- 


factory biological adjustment. Are not some 
deformities merely evolutionary variants 
which offend our aesthetic notions of how 
things ought to be? 


Fig. 2-A: Amphibian Semyouria, showing 
flipper-like development of tarsus. (Walker 
Museum of the University of Chicago.) 

Fig. 2-B: Reptile pelycosaurus, showing de- 
velopment of calcaneus from os fibulare. (Mu- 
seum of Comparative Zoology, Harvard Uni- 
versity; American Museum of Natural History, oo 
New York.) Embryology 


Ontogeny and embryology also throw 
some light on our problem. Originally the vertebrate foot was flipper-like. The bones were 








arranged as in the specimens shown in Figures 2-A and 2-B. A similar arrangement exists 
in the 18-millimeter, seven-week-old human embryo. 

The major changes in the development of the mammalian foot cluster around the 
development of the calcaneus. Paleontologically speaking, these changes began in early 
reptilian days. In the pelycosaurus (sail-lizard) (Fig. 2-B), the fibulare began first to en- 
large and then to migrate from beneath the fibula to its ultimate subtalar position. In the 
human embryo, this process begins after the close of the seventh week and is completed 
by the tenth week (Figs. 3-A to 3-C). The position of the calcaneus in club-foot would 


suggest an extension of this migratory process. 


Bechtol and Mossman describe two foetus: a probably arthrogrypotic four-month 
foetus and a three-month foetus with club-foot. They conclude that the skeletal structures 


Fig. 3-A 
Basic pattern 


18-millimeter foetus 





Fie. 3-C 
Adult 


Diagrammatic representation of development of tarsus 


THE JOURNAL OF BONE AND JOINT SURGERY 





re 


ts 


ag CET 


—E 


——E 


CLUB-FOOT 581 




















Fia. 4-A Fia. 4-B 


Attachments of peronaeus brevis in full-term club-footed foetus. 


of the foot apparently develop normally until displaced from the normal position by the 
abnormal muscular forces resulting from abnormal skeletal muscular development. ‘‘ The 
muscle abnormality consists of degenerating muscle fibers which fail to keep pace with 
skeletal growth, the relative shortening of these muscle fibers being the apparent cause of 
the deformity.” Similar processes have been described by Mau *'. 
Experimental Embryology 

Comparative experimental embryology also adds to-our knowledge. Warkany *, * 
and others have shown that deficiency of vitamins A or D, riboflavin or insulin deficiencies, 
and exposure to small doses of radiation in the mother rat will produce foot deformities 
and other malformations. He has shown further that these deficiencies must occur and be 




















Fig. 5-A Fig. 5-B Fig. 5-C 


Attachments of tendo achillis to the os calcis in a full-term club-footed foetus, and attachments of 
the peronaeus longus. 
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maintained throughout the first thirteen days of gestation in order to produce these de- 
fects. This period in the rat immediately precedes the beginning of bone and muscle 
differentiation and corresponds to the first eight weeks of human gestation. 

These facts suggest that club feet must be formed before the twelfth week of gestation 
and that the cause or causes must, therefore, be closely associated with the process of 
embryonic development. Let us examine the feet themselves. 


ANATOMICAL EVIDENCE 

Literature 

Although the incidence of club-foot is high—one case in every thousand births— 
there are relatively few studies of the condition from the point of view of anatomy. The 
writer found only thirty-eight anatomical studies of club-foot in the literature of the past 
150 years. Six of these must be discarded, as they deal with secondary use changes. The 
thirty-two remaining stillborn and neonatal cases with club-foot have not been very 
systematically described, as some writers 
disregarded everything but the bones, for- 
getting that bone is a plastic substance 
subject to environmental stresses. Only 
eight writers (Adams, Bechtol and Moss- 
man, Funke, Pfrang, Scherb, Shevku- 
nenko, and Weis) give any attention to 
muscles and then very unequally. Shevku- 
nenko’s work, by far the best, is locked in 
archaic Russian. 





Fia. 6 


Charaeteristic Findings 
Abnormal attachment of the tibialis anterior 
shown in black; normal attachment shaded. 


The writer is able to add some facts 
gained from personal observations to the 
reports mentioned above. First, he has never seen a corrected or uncorrected congenital 
club foot which did not have a persistent subcuboidal wedge of fat instead of the normal 
“lazy-U”’ plantar cushion. Second, muscle attachments in congenital club-foot, although 
always diverging from the normal pattern, exhibit different types of deviation in each 
‘ase; this accounts for the varying degree of severity and the difference in types of club 
feet encountered in practice. This rather bold statement is based on some twenty opera- 
tions done by the writer, on the findings in a pair of club feet taken from a stillborn full- 
term Oriental child with eventration of the abdominal viscera and spina bifida, and on the 
writings of the eight authors referred to above whose observations agree with those of 
the writer. Some emphasize one fact or more, but none give all the facts here presented. 
The drawings in Figures 4-A to5-B are of the foetal feet. The following is a summary of 
the author’s findings. 

The most frequent, most persistent, and most troublesome finding in congenital club- 
foot of the equinovarus variety is inversion of the heel caused by a malinsertion of the 
tendo achillis on the medial side of the calcaneus, extending forward on the medial surface. 
This is a positive deforming force, inverting the heel and twisting the os calcis in its growth. 

We come now to a group of muscles whose normal postural force is positive, but whose 
postural force in club feet may be negative because of insertional peculiarities. 

The peronaeus brevis in the normal foot is attached to the base of the fifth metatarsal. 
Scherb pointed out, and the author has confirmed it many times, that in club-foot its in- 
sertion is on the dorsum of the lateral metatarsals. This abnormal insertion diverts and 
negates its normal activity. Thus we have a negative deforming force, permitting adduc- 
tion or metatarsus varus (Figs. 4-A and 4-B). 

The peronaeus longus is normally inserted into the plantar surface of the internal 
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Fig. 7-A Fig. 7-B 
Right Left 


Difference in the plantar tissues of the two feet in full-term foetus with unilateral club-foot. 


cuneiform and first metatarsal. In all of the writer’s cases save two, there were accessory 
attachments to the lateral metatarsals; in two bilateral cases, one foot showing slight 
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Fia. 8 


al Dissection of plantar tissues in club-foot, showing their abnormal arrangement and the extension of 
the lateral portion around the side of the fifth metatarsal. 


VOL. 33-A, NO. 3, JULY 1951 











584 Ss. F. STEWART 


supination had no accessory attachments, while the other markedly supinated foot had 
accessory insertions. As these accessory attachments prevent the normal postural depres- 
sion of the first metatarsal (Figs. 5-A to 5-C), the absence of this action permits supination 
of the fore part of the foot. This may account for the inadequate development in the region 
of the first metatarsal so frequently seen, and it would account for the supination of the 
fore part of the foot erroneously called pes planus. 

Thus the peroneal muscles in club-foot resemble extensors and flexors of the meta- 
tarsals and permit adduction and supination of the fore part of the foot to occur through 
their failure to exert their normal pos- 
tural force. 

In the seven feet operated upon for 
a persistent adduction of the fore part 
of the foot, in a case of severe bilateral 
metatarsus varus, and in both the dis- 
sected specimens, an abnormal insertion 
of the anterior tibial tendon occurred. 
In these children an accessory dorsal in- 
sertion of this muscle was found (Fig. 
AXIAL CHANGES IN TALUS 6). Tension on either the major tendon 

or the abnormal attachment produced 

— ADULT, ---FETAL,—-— EQUINO-VARUS adduction and supination of the fore 
Fic. 9 part of the foot. Tension on the nor- 

mally inserted portion produced no 

visible effect. Removal of the abnormal attachment permitted normal tendon action, and, 
in the first case, the foot became normal postoperatively. In the other cases, it is too early 
to judge. The tibialis anterior, like the triceps surae, was found to be a positive deforming 





force. 

In the specimens, the posterior tibial tendon was not attached to the plantar surface of 
the calcaneus and navicular but was lost in a dense mass of undifferentiated tissue in the 
apex of the plantar arch. This approximates the normal attachment described by Gray. 





Fia. 10-A Fic. 10-B 
Epigaulus hatcherii Gidley. 


Fig. 10-A: Showing the Epigaulus in the position assumed when in its burrow; right foot planti- 
grade in advancing; left foot presents entire sole of foot posteriorly in extension. (United States 
National Museum, Washington, D. C.) 

Fig. 10-B: A superior view of the right hind foot and leg, showing the torsion of the tibia amount- 
ing to over 90 degrees. 


THE JOURNAL OF BONE AND JOINT SURGERY 





ba 
pl: 
pa 
ar 
to 
an 
fa 
ev 
fol 
to 


th 
tel 
no 
ble 
ha 
no 
chi 
fot 
pa 
du 
of | 
tio 
by 
ths 
al 
tar 
on 


clu 
tio 
cor 
tial 
pal 
ren 
act 
sim 
the 
the 
nat 
foll 
ap} 


hor 
me 
adc 


mo! 
ear’ 
unt 
gen 


VOL. 





CLUB-FOOT 585 


We are familiar with tight plantar 
bands. In one of the specimens the 
plantar fascia was split, the larger part 
passing forward and laterally wrapped 
around the shaft of the fifth metatarsal 
to a dorsal attachment (Figs. 7-A, 7-B, 
and 8). This was a positive deforming 
factor which could not be anticipated or 
even located in a living patient; it would 
form a nearly insurmountable obstacle 
to correction of a metatarsus varus. 

In the club-footed children with 
the abnormal tibialis anterior, the ex- 
tensor of the great toe was isolated, but 
no toe action was obtainable till a forci- 
ble pull broke some adhesions. Its force 
had been combined with that of the ab- 
normal tibialis anterior. In another 
child, no long extensors of the toes were 
found in one foot. In two instances, a 
palpable band, consisting of the ab- 
ductor hallucis, produced an adduction 
of the fore part of the foot and abduc- 
tion of the toe, which was remedied 





Fia. 11 


Japanese woman and infant; showing mechanism for 
production of tibial torsion in the human, and end result. 





by tendoplasty. It is not surprising 
that this abnormal muscle pull should | 
‘ause alterations in the shape of the | | 
tarsal bones, either directly or sec- : 
ondarily through pressure. ' \ 


Most writers on the anatomy of 
club-foot have directed their atten- j 


tion exclusively to the bones and have Oy rs 


concluded that club-foot is due essen- 











tially to errors in bone framework, Fig. 12-A Fic. 12-B Fig. 12-C 
particularly in the talus. It should be ins cadtids civilian: tin inal dililite: 
remembered that bones have a char- 

acteristic growth pattern which brings about changes in their shape with maturity. A 
similar change occurs normally in the angle of the neck of the talus in postnatal life. When 
the child is born, the astragalar neck forms an angle of about 36 degrees with the axis of 
the ankle joint in the horizontal plane. This decreases to 12 degrees in the adult. In neo- 
natal club-foot this angle is more simian and is greater than 36 degrees. Thus, if the talus 
follows the characteristic pattern of human growth, the adduction element tends to dis- 
appear as the child grows older. We are not sure whether or not this occurs in club-foot. 

In the same manner, the axis of the talonavicular joint in the newborn lies more 
horizontally than in adult life. This change would tend to elevate the apex of the tarso- 
metatarsal pyramid, and in club-foot would tend to increase the cavus and decrease the 
adduction in the growing individual. 

Bechtol and Mossman, basing their work on two embryonic specimens (three and four 
months), conclude, ‘In neither foetus does the club-foot deformity seem to be a retained 
early foetal position. The skeletal structures of the foot apparently developed normally 
until displaced from the normal position by the abnormal muscular forces’. Other myo- 
genic or neurogenic causes probably exist. 
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Another factor, tibial torsion, although it is not a cause of club-foot, tends to perpet- 
uate the deformity by causing a varus bending of the foot at tarsometatarsal joints in 
walking. It exists in two forms, true tibial torsion and pseudotibial torsion. 

True tibial torsion existed in the Epigaulus hatcherii Gidley, a pudgy, horned, bur- 
rowing rodent of the Miocene period, which lived in what is now Kansas. Unlike contem- 
porary fossorials, he tucked his feet beneath him and looked like Figure 10-A from the rear 
as he nosed down his burrow. His position was not dissimilar to that of an infant who 
sleeps prone with his legs tucked under. Such a child may appear pigeon-toed as he walks, 
but he is not club-footed, and by the third year his limbs become straight. The Epigaulus, 
on the other hand, retained this position for life and exhibits the corresponding skeletal 
changes, as may be seen from a dorsal view of the foot (Fig. 10-B). In each instance the 
same forces are operative, but club-foot does not develop. 

Japanese women never give up the habit of sitting on the medial sides of their feet as 
they work or engage in social functions (Fig. 11), whereas the males are on their feet most 
of the day. The result is that the older Japanese women walk just like their own toddlers, 
whereas the men tend to walk more like the rest of the human race. The lesson is this: In 
growing bone which is subjected to prolonged torsional strain, torsion will develop in those 
long bones whose ends are most firmly fixed, while short or movable bones remain normal 
in shape. In these instances, the fibula remains straight, as do the tarsals and metatarsals, 
while the tibia becomes involved. 

Pseudotorsion of the tibia, apparently a ligamentous affection, is probably more com- 
mon. It occurs at times in pigeon-toed individuals. It may be distinguished from the true 
form by the following test. The child is laid on his face and his knees are flexed. The legs 
assume a position in which the toes of one foot or both point toward the mid-line. Attempts 
to rotate the tibia at the knee reveal increased internal rotation and limited external rota- 
tion. True tibial torsion should not exhibit limitation. This condition can be remedied by 
the use of Denis Browne night splints in the manner described by Hutter and Scott. 

DISCUSSION 

It would seem, therefore, that club-foot is due to abnormal differentiation of the indi- 
vidual tendons at or near their attachments in the foot during the period between the fifth 
to eighth week of gestation. As a result of this process, the triceps surae, the anterior tibial 
and minor plantar muscles exert a positive deforming force, while the peroneals, deprived 
of their normal postural activity, cannot function to inhibit the distortion. 

It would be difficult to pack these facts into a small amniotic sac; they may be fitted 
much more congenially into a gene, although avitaminosis, insulin deficiency, and various 
toxaemias cannot be denied a place as possible causes, especially in isolated club-foot or 
club-foot occurring in siblings. 

These findings, pointing to a genetic basis for club-foot, are in consonance with the 
best modern thought. The facts naturally lead to an inquiry as to susceptibility to club- 
foot. Ordinarily, it is said, a club-footed individual occurs once in every thousand births. 
In Hawaii one was reported for every 1,230 births for the five years ending July 1, 1947. 

In a family where one club-footed child has appeared, what is the likelihood of a 
second? It would appear to be many times greater than in families which showed no club 
feet ; Stern says thirty-six times. This would be true especially in the case of identical twins. 

We hope we have cleared the window overlooking the genetic path by which club feet 
come. We have seen, perhaps for the first time, the mechanism by which club-foot occurs, 
recurs, and maintains its place in human development. With this added light we may 
perhaps find and clear the window which overlooks its care. 


Prevention 
Obviously the occurrence of club-foot in a family should be a warning sign against 
prospective marriage, and a hazard to be weighed in considering possible children. Clearly 
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a prospective mother should prepare herself for motherhood by an adequate diet; she 
should avoid all infections, drugs, and toxaemias during the critical first two months of 
pregnancy and refuse exposure to any form of radiation, especially of the pelvic area, dur- 
ing that time. 


Active Treatment 


Given a newborn with club-foot, it is obvious and traditional that the feet should be 
straightened at the earliest possible moment. The writer’s own preference is for use of the 
Denis Browne splints; others may prefer a cast or strapping. 

When the condition has been corrected, but shows a tendency to recur, recurrence and 
skeletal deformity should be prevented by removing the positive deforming forces and 
restoring the faulty rectifying synergists to normal activity. The tendo achillis should be 
exposed through a J-shaped incision and its medial and anterior attachments to the cal- 
vaneus should be freed, leaving a small lateral attachment. The tendon should be split 
longitudinally, so that the free tendinous flap can be transferred to the lateral side of the 
attached remnant and tacked to the os calcis. A surgeon who adopts this procedure will be 
surprised at the degree of eversion and dorsiflexion that becomes possible when the medial 
anterior attachment is freed. The writer has done this more than twenty times, and, to his 
knowledge, there were only two instances where subsequent lengthening was necessary. 
The problem of the inverted heel has nearly disappeared. 

Second, the surgeon should make an oblique incision in the skin creases over the base 
of the fifth metatarsal and explore the peronaeus brevis and longus, removing all accessory 
attachments for these muscles. The writer has done this a number of times with marked 
improvement of the adduction and supination of the fore part of the foot. 

Third, a similar small incision over the base of the first metatarsal should be made 
and the attachments of the tibialis anterior be examined. Any anomalous attachment to 
the medial and dorsal surface of this bone should then be freed and the free end fastened 
in a plantar position. Next, any plantar or abductor bands should be divided. In none of 
the author’s cases were any operative measures on the tibialis posterior found necessary. 
In older children in whom the condition has been neglected, the problem is primarily one 
of faulty bone structure. 

These procedures, performed under a tourniquet, can easily be accomplished in a 
short time. The skin is closed with subcuticular stitches. A cast is applied for three weeks 
and the child is then permitted free use of the foot. This technique has proved very satis- 
factory. The writer approached the problem a step at a time to judge the effects of each 
procedure but is now prepared to do all at one sitting. 

To some of you this procedure may seem radical; but, in our search for new methods 
to solve old problems, we must be guided by experience as much as by tradition. As John 
B. Deaver used to say, ‘‘ We walk by sight and not by faith”’. 

A final suggestion seems in order. A stillborn club-footed child is born at least once 
in every 100,000 births. Thirty or more specimens probably appear in the United States 
annually. Yet we still walk in the dark. It is urged that this Association appoint a com- 
mittee to gather these specimens, to direct their dissection and record the findings, not 
only in club-foot, but in congenital dislocation of the hip and other foetal disorders of the 

extremities, so that we may not be “blind leaders of the blind’? who, with our patients, 
fall into the ditch, but that in the light of true knowledge we may teach and treat 
intelligently. 
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CLUB-FOOT 


DISCUSSION 

Dr. WALTER P. BLount, MILWAUKEE, Wisconsin: The etiology and treatment of club-foot has been 
discussed since the time of Hippocrates, but it is still a live subject. In his scholarly presentation this morning, 
Dr. Stewart has presented his résumé of the etiology with beautiful clarity, and he has awakened new interest 
in the practical significance of anomalous tendon insertions. I have examined his dissections with real appre- 
ciation because I dissected three pairs of club feet several years ago. Like Dr. Stewart, I found many interest- 
ing anomalies in the tendon attachment. These anomalies, however, were not constant. 

In our enthusiasm over the discovery of these specific variations, let us not forget that congenital club- 
foot is a deformity involving all of the structures below the knee. Brockman has emphasized the significance 
of thick contracted ligaments on the medial side of the foot, and Moore has pointed out the insufficient myelini- 
zation of the nerves. BGhm and others have discussed the developmental deformity of the bones. While none 
of these conditions is a primary cause to which others are secondary, all of them are evidence of incomplete 
or arrested development. They appear almost simultaneously in the early weeks of foetal life. In early treat- 
ment, we can ignore individual anatomical variations and treat the deformity as a whole. 

Dr. Stewart’s method should not be regarded as a short cut. As early as possible, the deformity must be 
corrected by the slow, gentle methods so well described by Kite and others. Even early relapses are best 
treated by the same method. It is the inveterate recurrent club-foot which is suitable for treatment according 
to the method described by Dr. Stewart. With a knowledge of abnormal anatomy, we can determine which of 
the structures are involved, and deal with them surgically. The cause for relapse must be carefully studied. 

I have done nine operations which I call “hemi-heel cord transplants” in six patients with an average 
age of seven years. In these older children, I can recommend a wire pull-out suture to hold the transplanted 
half of the heel cord in a tunnel in the caleaneus. A J-shaped incision should be placed on the lateral side of 
the heel cord. The results have been excellent. 

In about half of the cases in which a relapse has occurred, the heel cord has not been affected; and the 
heel has not been in varus. In these I have used other muscle transplantations. After hearing Dr. Stewart's 
paper, I will look more critically at the tendon attachments. I may only “free them” rather than transplant 
them. 

Please remember that Dr. Stewart said that these conditions are not constant and that each patient 
must be considered as an individual. Relapses will occur in some patients in spite of all that is done, so that 
bone operations must be performed. Most of you know the dangers of early bone operations. Let me urge 
the young men to postpone formal reconstruction operations until the patient is twelve or fourteen years of 
age. Growth is more likely to produce grotesque distortion in congenital club-foot than in other types of foot 
deformities. 

I should like to thank Dr. Stewart personally for his excellent presentation. I have read the paper over 
many times and have enjoyed sceing his clinical material. He has made a valuable contribution to our treat- 
ment of relapsed club-foot. 


Dr. M. Beckerr Howorru, New York, N. Y.: Dr. Stewart’s work is obviously of great importance, 
although the question might be raised as to whether these abnorma! tendon insertions are primary or sec- 
ondary migrations. 

Dr. Stewart has suggested that this work be continued with whatever specimens become available. May 
I suggest a parallel line of investigation, because when these specimens are dissected there will not be very 
many of them, and they will not come very fast. Muscle volume may be just as important as tendon insertion, 
for three reasons: (1) In poliomyelitis, where there is no change in tendon insertion, deformity is produced 
by changes in actual and relative muscle volume, which is also a change in muscle power; (2) in unilateral 
club-foot there is, from the beginning, a distinct difference in the volume of the two leg muscles, which sug- 
gests also the possibility of a relation between muscle power and the deformity; (3) in a recent report before 
the American Association of Physical Anthropology, Dr. Sherwood Washburn reported some very careful 
studies of muscle volume in monkeys. The muscles of the face were accurately weighed, and a close mathe- 
matical ratio between muscle volume and development of the bones of the face, particularly the jaw, was 
found. This was a very scientifie and accurate study; the correlation seemed to be of great significance, and 
it was contrary to previous anthropological ide 
are studied, we consider not only tendon insertion but also muscle volume, we might gain additional in- 
formation of value. 


son this subject. If in the future, when specimens of club-foot 





Dr. Joun Royat Moore, PutrapELputa, PENNSYLVANIA: Dr. Stewart has presented a very beautiful 
paper; and, if his concepts are correct, I feel he has added considerably to our knowledge of congenital club- 
foot. It is not quite clear to me whether he thinks that all cases of congenital club-foot have the anomalies 
which he described. Does he believe that all the club feet we see have the variations in tendon insertions or 
does he reserve the diagnosis of abnormal tendon insertion for only those which do not respond to conserva- 
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tive treatment? Brilliant results have been obtained with the Denis Browne splint and from the Hoke plaster- 
wedging method in the face of such almost insurmountable obstacles as he has described. 


Dr. STeeLe STEWART (closing): I haven’t settled the problem of club-foot; I have only pointed up a few 
facts. Dr. Moore’s first question, pertaining to the proportions of primary and secondary congenital type of 
club-foot, I am unable to answer. I think the point is probably academic. His second point concerns mild 
cases of club foot. I have described some variations in the degree of deformity; there are probably other ele- 
ments which I have failed to describe. I have tried to throw into relief the treatment of recurring club-foot. 
Personally, I would embark on surgical treatment at a very early age, because the earlier it is done, the less 
secondary bone deformity will magnify the problem and hinder treatment. 

Peronaeus tertius defects have not been recognized. Garceau’s transplantation of the tibialis anterior 
to take the place of a peronaeus tertius I think is probably unnecessary. The resection of this tendon seems 
to produce the same result. 

Dr. Howorth’s suggestion of measuring muscle volume is interesting, but. in the case of bilateral club-foot, 
it would be very difficult to establish a norm. 

I thank the discussors of my paper, and all of you for your close attention. 


DISCUSSION 
ResTORING FLEXION TO THE PARALYTIC ELBOW 
(Continued from page 571) 


safely tucked away in its sheath on the under surface of the sublimis mass. By blunt and sharp dissection 
a muscle mass, consisting of the sublimi, the flexor carpi radialis, the palmaris longus, and the superficial 
head of the pronator teres, can be mobilized. The only sharp dissection necessary is to free the sublimis from 
the intermuscular septum between it and the flexor carpi ulnaris and to divide the aponeurotic origin of the 
muscle mass from the medial pillar of the “tunnel” to the medial epicondyle. It is not necessary to mobilize 
either the median or the ulnar nerve. 


Dr. ArTHUR STEINDLER, Iowa City, Iowa: Dr. Bunnell’s stimulating paper deals with a situation 
which differs from the usual reconstruction procedure in that the material available for reconstructive pur- 
poses is not of normal functional validity. One has to be satisfied to use for substitution muscles which may 
have no more than 75 per cent. or even 50 per cent. of normal function. The reconstruction of the paralytic 
elbow is one such situation. 

We know, however, that in the case of paralysis of all three flexors of the elbow, the biceps, brachialis, 
and brachioradialis, the muscle power of the wrist and finger flexors is sufficient to lift the forearm against 
gravity if their lever arm is enlarged by as much transposition as the motor branches will permit. 

This flexor power naturally becomes more effective as the arm is elevated to the horizontal by arthro- 
desis of the shoulder joint. In fact, I have found many times that a perfectly useful upper extremity could be 
established, provided that the trapezius, serratus, and the wrist and finger flexors remain available. 

So far as pronation is concerned, we try to prevent or correct any such tendency before operation, but 
as Dr. Bunnell does, we have for years used the method of transposing the flexor carpi ulnaris along the dorsal 
surface of the forearm and inserting it close to the radial tubercle. 

I am very interested in what Dr. Bunnell says about the transposition of the triceps and fully agree 
that transposing one half of the muscles is useless. No muscle can be educated to become its own antagonist. 

Unfortunately, I have had no experience with either the transference of the pectoralis major or the sterno- 
cleidomastoid to the biceps by means of fascial lengthening. These difficult procedures require the ingenuity 
and the masterly technique of Dr. Bunnell. They really seem to be the solution in those cases in which no 
forearm flexors are available and which, otherwise, would have to be relegated to the arthrodesis of the elbow 
joint. 

I consider it a privilege to be permitted to discuss Dr. Bunnell’s most interesting paper. 


Dr. STERLING BUNNELL (closing): I wish to thank the two discussors for their kind words and I am 
particularly glad that Dr. Irwin brought out the fact that the triceps is so necessary for raising the body from 
the chair or from other positions. This applies, of course, to the patient with bilateral involvement. For the 
patient with unilateral involvement, flexion of the elbow is more important than triceps action. 


THE JOURNAL OF BONE AND JOINT SURGERY 


gS OO LT 








ne “Se 


rr 





Li 
Wi 
tr 


sis' 


ex 
firr 
of 

of : 
onl 
pat 
me 
in t 
me 
str 


sist 


VOL. 


ter- 


few 
e of 
nild 
ele- 
ot. 
less 


rior 
pms 


pot, 


tion 
cial 
rom 
the 
lize 


tion 








~—— ag 


yur- | 


nay 
ytic 


alis, 
inst 


nro- 


1 be 


but 
rsal 


rree 
iist. 
no- 


uity | 


1 no 
9OW 


am 
rom 
the 


ERY 


— 





TREATMENT IN LEGG-PERTHES DISEASE 


BY HERBERT E. PEDERSEN, M.D., AND H. R. MCCARROLL, M.D., ST. LOUIS, MISSOURI 


From the Shriners’ Hospital for Crippled Children and the Department of Surgery, 
Washington University School of Medicine, St. Louis 


For years Legg-Perthes disease has represented one of the common problems in clinics 
for crippled children. In spite of prolonged and extensive study, however, no uniformly 
accepted method of treatment has been established. It has at times been considered to be 
a self-limited disease the course of which follows a predetermined pattern regardless of 
the treatment used. In 1934 Danforth first made a plea for prolonged non-weight-bearing 
in an attempt to prevent deformity. In 1936 Eyre-Brook compared the results in twenty- 
two cases treated by bed rest and traction with those in nineteen patients treated by other 
non-weight-bearing methods. Further progress in this direction was contributed in 1940 
by Gill, who presented the results of treatment by bed rest and skin traction in twenty 
patients. Both Eyre-Brook and Gill claimed that, with this form of therapy, the result in 
every case should be an essentially normal acetabulum, normal femoral head, and normal 
femoral neck, provided treatment is started before deformity exists. 

At the time of Gill’s report, the usual treatment of Legg-Perthes disease at the St. 
Louis Unit of the Shriners’ Hospital for Crippled Children consisted in the use of crutches 
with the addition of a lift on the shoe on the contralateral foot. It was recognized that such 
treatment gave excellent results in some instances, but in many cases there was progressive 
deformity during the treatment period. It was felt, therefore, that continuous bed rest 
and skin traction should be given a trial, to determine whether the end results would 
justify a prolonged period of hospitalization. Since that time twelve patients (fifteen hips) 
have been treated by this method, and the follow-up period has been sufficiently long to 
permit evaluation of end results. A total of sixty-six children in whom end results have 
been determined lave been treated in this Clinic during the ten-year period 1940 through 
1949. This affords comparison of this type of therapy with those employed hitherto. No 
operative treatment has been used. Most of the ambulatory patients were put on crutches, 
and a lift was added to the shoe on the contralateral foot. In some instances, short periods 
of traction or immobilization in plaster were employed for the relief of pain and muscle 
spasm. During the last three years the preferred type of ambulatory treatment has been 
the use of crutches with a sling applied to the involved side, but no patient has yet com- 
pleted treatment on this regimen alone. Therefore, this report is based on a study of twelve 
patients treated by bed rest and traction and fifty-four patients for whom therapy con- 
sisted chiefly in the use of crutches and a lift on the shoe on the contralateral foot. 

Patients admitted to the Hospital for treatment by bed rest and traction were, with one 
exception, seen early in the course of the disease,—that is, as soon as diagnosis was con- 
firmed by roentgenograms. In this series, as in other series reported, the x-ray appearance 
of the femoral head at the time of the first examination was not related to the duration 
of symptoms. Some patients seen one year or more after the onset of symptoms showed 
only condensation of the capital epiphysis with juxta-epiphyseal rarefaction, while some 
patients with symptoms of just a few weeks’ duration showed marked flattening and frag- 
mentation. Since it is believed that late end results will depend on the degree of alteration 
in the bony components of the hip joint, the stage of the disease and the results of treat- 
ment have been determined on the basis of the roentgenographic appearance of these 
structures. 

Treatment during the period of hospitalization for this group of twelve patients con- 
sisted in continuous bed rest and the addition of five pounds of skin traction to the involved 
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Fia. 1-A 


Fia. 1-B 


extremity. The foot of the bed was elevated. In the three bilateral cases, traction was applied 
to both extremities, but in no instance was the extremity placed in a splint. Skeletal 
traction, by means of a threaded wire through the distal part of the femur, was tried in 
one case but was discontinued as impractical. In two instances traction in a lateral direc- 
tion was added. In these cases, a five-pound weight was applied to a canvas sling about 
the thigh. This seemed to offer nothing of additional value, however, and was discontinued. 
Many types of skin traction were employed. The most efficient method proved to be the 
use of an adherent compound beneath broad strips of adhesive tape, held in place by 
elastic bandages extending from the malleoli to the mid-thigh. It was necessary to dis- 
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Fig. 1-D 

Case 11. These roentgenograms represent the average result obtained among patients treated by 
means of bed rest with traction. This patient was ten years old when treatment was started and had 
received no previous treatment. 

_ Fig. 1-A: At initial examination changes characteristic of early Perthes’ disease were obvious in the 
right hip. Continuous bed rest with five pounds of skin traction to the right leg was instituted. 

Fig. 1-B: Six months later the greatest degree of deformity was revealed. There was no definite frag- 
mentation of the capital epiphysis at any time. 

Fig. 1-C: Twelve months after the institution of bed rest, regeneration was far advanced. Treatment 
with crutches and sling was substituted at this time. 


Fig. 1-D: Appearance three months later. At this time the patient admitted that he had not been 
using the sling, and full weight-bearing was started. 
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Fig. 1-E 


later an almost normal hip joint 
had been obtained. 


f 
Figs. 1-E and 1-F: Two years | 10. 
continue traction for ap- | 
proximately one week in 
every month in order to con- 
trol skin irritation. During | 
this period, bed rest was still en 
maintained. The patients pa 
were allowed the freedom of sel 
the bed, and they were per- } wi 
mitted to sit up. As might be pa 
expected, they were often | ev 


found on their knees, but this | de 
practice was discouraged as | an 
much as possible. col 


Treatment was contin- | tre 
ued throughout the period of 





degeneration and well into are 
the period of regeneration, ha 
as advocated by Gill. The | ist 
Fic. L-F progress of the disease was | is | 
followed by anteroposterior pre 
and lateral roentgenograms taken at intervals of two months. When it was felt that regen- 
eration was far enough advanced, the patients were permitted to walk, with the use of pai 
crutches and a lift on the opposite shoe, or, since 1947, with crutches and the addition of rel 
a sling to the involved thigh. In bilateral cases, bed rest was enforced until at least one occ 
side had healed sufficiently to permit weight-bearing and until the opposite side was well but 
regenerated. In this group of twelve patients the average period of treatment by bed rest wa 
and traction was 17.6 months. The shortest period of treatment was ten months and the nor 
longest was twenty-five months. oie 
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TABLE I-A 











Age at Bed Rest Later Type of 
Onset of Previous Type of and Ambulatory Later 
Case Treatment Treatment Previous Traction Treatment Ambulatory Epiphyseal 
No. Case (Years) (Months) Treatment (Months) (Months) Treatment Index 
Ee WB. 3 0 15 9 Crutches and 47 
sling 
2 9-3. ©. 4 0 20 12 Crutches and 50 
lift 
2 + B..&. 5 0 10 13 Crutches and 40 
lift 
4. me. 5 12 Modified bed 25 Still in R. 31 
(Bilateral) rest traction L. 35 
5 RN. 5 0 28 6 Crutches and R. 40 
(Bilateral) sling on right L. 49 
6. B. B. 5 17 Crutches, braces, 18 Still in R. 40 
(Bilateral) and lift-right traction L. 37 
ey fe 2 7 0 19 10 Crutches and 35 
sling 
§.. DBD. i. 7 3 Crutches and lift 19 10 Crutches and 32 
sling 
® J.F. 7 0 16 10 Crutches and 30 
sling 
10. D. W. 8 0 12 0 30 
ll. L. B. 10 0 12 0 38 
2. J.M. 10 4 Crutches and lift 17 8 Crutches and 30 
sling 
Average 6.3 17.6 37.6 


The relative value of this method of treatment can be determined by comparing the 
end results obtained in this series of twelve patients with a comparable group of twelve 
patients treated by means of crutches and the addition of a lift to the opposite shoe. In 
selecting the group of twelve patients treated by the ambulatory method, we chose those 
with a comparable type of early involvement, and an effort was made to make the com- 
parison favorable to this group. Of the fifty-four patients in the ambulatory group, how- 
ever, only twelve could be selected who were seen early, who showed no appreciable initial 
deformity of the femoral head, and who appeared to be faithful in the use of their crutches 
and lift. However, most of the patients in this group were seen after the process had be- 
come well established, with definite deformity. It is felt that the efficiency of a method of 
treatment cannot be judged in such patients. 

Of the twelve patients treated by bed rest, the nine with only one extremity involved 
are now walking without support. The patients with bilateral involvement are being 
handled with added precaution. Two are still at bed rest in the hospital, while the third 
is now using crutches and a sling for additional protection of one extremity. Regeneration 
is essentially complete in all instances, however, and unprotected weight-bearing could 
probably be instituted at any time. 

The institution of treatment in each patient brought about a rapid alleviation of any 
pain and muscle spasm which was present. This improvement persisted and, when finally 
released from traction, each patient showed a full range of painless motion except for an 
occasional loss of a few degrees of internal rotation. In each case limb length was equal, 
but there was slight atrophy of the involved calf and thigh. In six patients the foot length 
Was measured and the involved foot averaged three-sixteenths of an inch shorter than the 
normal foot. These measurements are of questionable significance but are mentioned since 
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Fig. 2-A 





Fic. 2-B 


it was noticed that a good shoe-fitting resulted in the use of a smaller size for the involved side. 

While following the progress of the disease with x-rays at two-month intervals, it 
was noticed that the general course of the disease process remained unchanged. Each hip 
exhibited the usual order of condensation, fragmentation, and regeneration. However, the 
marked degree of fragmentation usually seen in the ambulatory cases was not seen in 
those treated by bed rest and traction. Since there is no great variability in the natural 
course of the disease, it was not felt advisable or practical to attempt an estimate of the 
time involved for each phase. In each case, however, it was noted that the greatest degree 
of flattening and fragmentation of the femoral head occurred early, and from this point 
on any change was one of progressive improvement. It was likewise noted, as Gill re- 
ported, that the onset of regeneration was relatively sudden and could be detected in the 
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serial films taken at two-month intervals. In no instance was there any evidence that pro- 
| longed traction interfered with regeneration. 
| In order to have some objective means of assessing the results of treatment, Eyre- 








Fia. 2-C 
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ide. 
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hip Fig. 2-D 

the Case 19. These x-ray reproductions illustrate an average result obtained among patients treated by 

in means of crutches with a lift on the shoe on the contralateral foot. The patient was first seen when he 
Was seven years of age, and he had received no previous treatment. , fo vie: 

iral Fig. 2-A: Relatively early Perthes’ disease involving the right hip was found at initial examination. 


the Treatment with crutches and a lift was instituted at that time. . : 

Fig. 2-B: Appearance eight months later. Progressive flattening and fragmentation of the capital 

ree epiphysis are evident. 

yint Fig. 2-C: Five months later there was evidence of some regeneration. Treatment by means of crutches 

and a sling for the right limb was substituted at this time. i 
Fig. 2-D: Appearance after thirty-one months of treatment. Unprotected weight-bearing was insti- 

the tuted at this time. 
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Brook devised the epiphyseal index. This is determined as follows: 


Height of the epiphysis 
X 100 = Epiphyseal index 





Breadth of the epiphysis 
He recognized that the disease involves both the epiphysis and the metaphysis, but felt 
that the shape and contour of the epiphysis reflected the condition of the metaphysis. 














Fia. 2-E 
Figs. 2-E and 2-F: Appear- 
ance of the hip after three 
years. Note the increased flat- 
tening and broadening of the 
capital epiphysis and femoral 
neck. 
He quoted as normal figures 
45 to 55 for children below 
seven years of age, and 35 
to 45 for children seven 
years and older. For pur- 
poses of comparison we have 
‘alculated the epiphyseal in- 
dex for each of the group 
treated by bed rest with 
traction and the twelve con- 
trol patients selected from 
the ambulatory group. Ref- 
erence to Table I reveals an 
average epiphyseal index of 
37.6; below seven years the 
average is 41.6 and above 
seven 35.3 for the group 
Fia. 2-F treated by bed rest. The 





control group averaged an epiphyseal index of 25.3; 29.2 below seven years of age, and 
22.6 above seven years of age. These figures indicate that the average results are much 
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TABLE I-B 


REsvu.tts oF AMBULATORY NON-WEIGHT-BEARING TREATMENT 














Age at Type of 
Onset of Previous Type of 
Case Treatment Treatment Previous Crutches and Lift Epiphyseal 
No. Case (Years) (Months) Treatment (Months) Index 
13. A 4 0 27 45 
14. oe 5 3 Spica 32 26 
15. M. B. 5 0 20 25 
16. w.D. 6 0 36 15 
(With caliper last 
20 months) 
17. L. D. 6 0 12 35 
18. L. M. 7 7 Walking caliper 34 19 
19. F. R. 7 0 31 23 
20. D. G. 8 0 52 14 
21. EK. D. 8 0 18 32 
(In spica 4 months) 
22. B. Z. 10 8 Intermittent bed 15 20 
rest 

23. F. M. 1] 0 28 24 
24. J.B. 12 3 Skin traction 21 26 
Average 7.4 25.3 


Note: Table I-A and Table I-B show the comparative results in twelve patients who were treated by 
bed rest and twelve patients who were treated by ambulatory non-weight-bearing, and should be analyzed 
as one complete unit. 


better in the group of patients treated with bed rest and traction. Of greater importance 
however, is the fact that with bed rest and traction an excellent result was obtained in 
ach hip treated, whereas in the ambulatory group there was marked variability and only 
one excellent result. While the authors recognize that even with no treatment an excellent 
result is seen occasionally, they believe that the results presented here, those of Eyre- 
Brook, and those of Gill indicate that bed rest and traction represent the most desirable 
form of non-operative treatment for Legg-Perthes disease at this time. 

The relative importance of the various factors involved in treatment by means of bed 
rest and traction is difficult to assess. Undoubtedly, bed rest is of greatest importance. 
The slight traction may be sufficient to diminish the intra-articular pressure resulting from 
normal muscle tone, and serve to limit the patient's activities. Its greatest value probably 
lies in the fact that it ensures the patient’s remaining in bed. In this series of patients, 
traction was applied only to the involved extremity. Efficient traction to one extremity 
should produce abduction at the hip joint, and such abduction might serve as a deforming 
force. In this small group of patients, however, there was no evidence that traction pro- 
duced such a deformity, since the results were excellent in all instances. 

It is difficult to determine the exact time at which treatment should be discontinued. 
For this reason it has been the practice to continue bed rest until late in the stage of regen- 
eration, after which ambulatory non-weight-bearing methods are substituted until re- 
generation of the femoral head is complete. Two patients treated with traction started 
walking immediately after twelve months of bed rest and suffered no ill effects. In review- 
ing the fifty-four patients treated by ambulatory means, it was noted that many patients 
started weight-bearing before regeneration was complete and suffered no subsequent 
increase in deformity. Eyre-Brook advocated from eighteen to twenty-four months of bed 
rest and allowed weight-bearing immediately; and his published roentgenograms reveal 
that regeneration was not complete when weight-bearing was resumed. It is felt, therefore, 
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that weight-bearing may be started when a smooth articular surface has formed and no 
major radiolucent areas are present in the epiphysis. 

Among the considerations influencing the choice of treatment in Perthes’ disease is the 
age of the patient at the onset of treatment. It is generally felt that the disease runs a 
more benign course in the younger age group. This may be because of the specific nature 
of the disease, or it may be because younger patients weigh less and subject the hip joint 
to less trauma. On the other hand the very young child is unable to cooperate with am- 
bulatory treatment. It is felt, therefore, that the very young child is especially suitable 
for treatment by bed rest and traction. 

The final consideration in this type of treatment is its feasibility. The expense in- 
volved makes it difficult or impossible to keep private patients in private hospitals for as 
long as two years for treatment of such a benign condition. In many of our clinics for 
crippled children, however, this type of prolonged hospitalization and therapy is easily 
possible, and the improved results obtained from treatment by bed rest and traction are 
sufficient to justify the continued use of this method. While such prolonged hospitalization 
may be impossible for private patients, complete bed rest in most instances can be carried 
out at home. Some private patients not included in this series have been treated with bed 
rest at home, but without the addition of skin traction, with the same excellent results. 
The success of such a program in the home is directly dependent upon the attitude of the 
parents and their willingness to cooperate. 


SUMMARY 


A comparative study has been made of twelve patients with Legg-Perthes disease 
treated by prolonged bed rest and skin traction, and an equal number treated with con- 
tinued ambulation but with protection from weight-bearing by means of crutches and the 
addition of a lift to the shoe on the contralateral side. The twelve patients treated by the 
ambulatory method were chosen from a group of fifty-four patients thus treated during 
a ten-year period. An attempt was made to select patients for comparison who showed a 
similar type of involvement and who, at the time treatment was instituted, appeared to 
be in a comparably early phase of the disease. 

This study shows a vastly improved early end result in the series of cases treated by 
prolonged bed rest. It is felt that bed rest and traction are the ideal form of non-operative 
treatment in patients who are seen before marked deformity exists, and that this treatment 
is especially suitable for very young children and those with bilateral involvement. 
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CINEPLASTIC MUSCLE MOTORS FOR PROSTHESES OF ARM AMPUTEES* 


BY COLONEL AUGUST W. SPITTLER, Medical Corps, United States Army and 
CAPTAIN IRWIN E. ROSEN, Medical Corps, United States Army Air Force 


From the Orthopaedic Section, Walter Reed Army Hospital, Washington, D. C. 


The history and the surgery of cineplastic muscle motors for the activation of arm 
prostheses has been well discussed by Nissen and Bergman, Kessler, and Alldredge. The 
purpose of this paper is to report our experience with the cineplastic procedure and the 
fitting of thirty patients at Walter Reed Army Hospital during the past two and one-half 
years. 

Most of these patients were young males, ranging in age from eighteen to thirty-four, 
who had lost their arms from injuries sustained either during the active fighting in World 
War II or in accidents since World War II. Six patients had lost their arms as the result of 
injuries sustained in the Korean fighting. One patient, a child of six, had congenital absence 
of the right arm at the shoulder joint. 


TABLE I 


STATISTICAL SUMMARY OF CINEPLASTIC MuscLeE Morors 


Long Short 
Stump, Stump, 
Below- Above- Above- 
the- the- the- Shoulder 
Type Elbow Elbow Elbow Disarticulation Total 
Biceps motors 16 7 23 
Triceps motors 2* 2 
Pectoral motors 5 2 7 
Latissimus motors ag I 
Total motors 33 
* Placed in below-the-elbow cases. ** Holding tunnel in case with pectoral motor. 


The cineplastic procedure was adopted for selected cases after it became apparent 
from work at the Army Prosthetics Research Laboratory that a terminal device, either a 
hand or a hook, could be developed which would provide better prehensile action than 
devices previously used and that a person provided with a muscle motor could get better 
use from these devices than with the usual shoulder-strap control. 

It has been shown that the best muscles for this purpose are the biceps, the pectoralis 
major, the triceps, and the latissimus dorsi, since they could, by full development, produce 
enough power to activate most terminal devices. No experience has been had with the 
cinetization of other muscles; motors were not attempted in the forearm muscles because 
of their inadaptability for the motivation of the available terminal devices. 

In this series, thirty-three muscle tunnels were made (Table I): Seven pectoral tun- 
nels, twenty-three biceps tunnels, two triceps tunnels, and one latissimus dorsi tunnel. 
Sixteen of the biceps tunnels were made in below-the-elbow amputees and seven in above- 
the-elbow amputees. Five of the pectoral tunnels were made in above-the-elbow amputees 
with short stumps and two in patients who had had shoulder disarticulation. The child was 
provided with the latissimus dorsi tunnel for holding purposes. The two triceps tunnels 
were made in the first. below-the-elbow amputees before the use of this muscle motor was 
considered unnecessary to activate the newer terminal devices. 

All except two of our patients were cinetized from five weeks to eleven months follow- 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 


February 1, 1951. 
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ing the final revision of their stumps. The exceptions were the child with congenital absence 
of the arm and a below-the-elbow adult amputee whose forearm had been amputated six 
years previously. 


Preoperative Care 

Preoperatively, above-the-elbow amputees who were to be provided with biceps and 
pectoral motors were given supervised exercises to develop the muscles of the arm and 
shoulder. Since below-the-elbow amputees had normal biceps these exercises were not 
considered necessary for them. For the most part these patients were not given any super- 
vised exercises, but were merely instructed to exercise the muscle while awaiting the com- 
plete healing of the amputation stump. 


Surgical Considerations 

The surgical procedure has been well described by Alldredge and other authors, but 
a few points should be reemphasized: 

1. The muscle tunnels should be large. A skin flap of at least three inches and, prefer- 
ably, three and one-quarter inches on the three sides should be outlined with particular 
care to produce a tunnel with the largest diameter possible (Fig. 1). 

2. The skin flap should contain the subcutaneous fat and deep fascia to ensure a good 
blood supply (Fig. 1). The only tunnel lost had been freed subcutaneously and did not 
include the fascia. 

TABLE II 


STRENGTH AND Excursion oF Musc_e Morors 


Strength of Motor Range of Motion 
Type (Pounds) (Inches) 
Biceps below-the-elbow 32 to 86 2 to 234 
Biceps above-the-elbow 30 to 54 1%to2% 


Pectoral 35 to 58 134 to2 


3. The muscle should be well liberated from its distal attachment and the surrounding 
fascial septa (Fig. 2). This should be done by cutting the fascial bands carefully and the 
tendinous attachments sharply. The tendinous end is carefully imbricated to provide a 
smooth non-adherent surface. Four of our earlier patients had to be subjected to a surgical 
procedure to free reattached bicipital tendons. 

4. The distal muscle attachments can be easily detached through the incisions made 
for the skin tunnel (Fig. 2). 

5. The muscle belly should be slowly and carefully dilated to avoid damage to its 
fibers (Fig. 3). 

6. Hemostatis must be complete. If there is doubt, a drain, placed in the axilla for a 
pectoral tunnel or in the distal end of the wound of a biceps tunnel and removed in from 
two to five days, may prevent damage to an otherwise good tube or skin graft. 

7. A split-thickness skin graft of 0.015 to 0.020 inch is adequate coverage for the 
denuded muscle area (Fig. 4). 

8. The distal end of the skin tube should be well opened up over the muscle to shift 
the pin pressure from the suture line. 

Figures 5 through 8 illustrate some of the features of the surgical procedure which 
provides the amputee with a pectoralis motor. 


Anaesthesia 


Although most surgeons have advocated the use of local anaesthesia for the entire 
operation, the author’s procedure has been to make the original incision under local anaes- 
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Fig. 9 Fia. 10 


Fig. 9: Photograph of an exerciser which is usually fitted to the stump three weeks after the operation. 
Fig. 10: Below-the-elbow amputee with a long forearm stump is shown fitted with an Army Prosthetics 
Research Laboratory hook. 


thesia. After the muscle has been exposed and the site for perforation determined, a shift 
is made to pentothal sodium. This allows for the careful separation of the muscles and an 
adequate anaesthesia for taking the split-thickness skin graft. There is no particular reason 
to continue on local anaesthesia after the muscle belly has been well defined and after its 
contraction has been demonstrated. Indeed, repeated local infiltration may jeopardize the 
flap margins. 


Postoperative Dressing and Care 


A small rolled tube of vaselin or nylon gauze is placed in the tunnel, and the skin graft 
is covered with a small piece of nylon or fine mesh gauze (Figs. 4 and 8). This dressing is 
not removed for ten to fourteen days, at the end of which time the non-absorbable sutures 
are removed. Exercise is then started with a forceps attached to each end of the dressing 
in the tunnel. This is continued daily at each dressing until the wounds are all well healed. 
A plastic pin of five-eighths to three-quarters of an inch in diameter is then inserted, and 
the muscle is exercised against resistance. 

Exerciser 

An exerciser is fitted to the stump about three weeks after the procedure (Fig. 9). 
This consists of a laminated plastic cuff placed over the end of the stump with rubber 
bands or springs attached to the pin. The exerciser is calibrated to measure the range of 
motion of the muscle motor, and the patient is encouraged to increase his range daily. 
Resistance is increased every few days until sufficient strength is obtained to activate a 
terminal device. 
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Fia. 11 Fia. 12 
Fig. 11: Prosthesis of a below-the-elbow amputee with a short forearm stump is shown fitted with 
external joints at the elbow. The prosthesis is fitted with a Dorrance hook. 
_ Fig. 12: Above-the-elbow amputee has been fitted with an Army Prosthetics Research Laboratory 
light metal arm with a hand and glove. 


After-Care of Tunnel 

Daily cleaning with soap and water is usually sufficient to care for the tunnel. Small 
alcohol sponges may be used in cleaning the tunnel, but taleum powder produces irritation 
and should be avoided. A little emollient may be needed to introduce the pin initially; later, 
a little moisture or alcohol is sufficient. 


Results of Surgery 

Two tunnels were considered surgical failures. A biceps motor in a below-the-elbow 
amputee was ineffective when the skin tunnel was lost because of the failure of maintaining 
a blood supply to the flap; and a triceps motor failed because of continued irritation in the 
local sear tissue. Both of these were later closed. The patient whose biceps motor failed 
was fitted with a conventional arm, and the patient who lost his triceps tunnel was pro- 
vided with an excellent biceps motor and has become one of the most successful of our 
cases. Another biceps tunnel in a poorly selected above-the-elbow amputee was considered 
unsuccessful and was never used because of excessive scarring around the tunnel ends. 
Twenty-eight have well healed muscle motors and have been fitted with either a prosthesis 
or an exerciser. 

Of the twenty-four patients fitted with suitable prostheses, twenty-two are using 
their muscle motors to activate their terminal devices. 
Strength of Motors 

The strength of the biceps motors in below-the-elbow amputees varied from thirty- 
two to eighty-six pounds; only t wo motors had a strength of less than fifty pounds, while 
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Fia. 13 


Fig. 13: Child afflicted with upper-extremity 
agenesis is shown with prosthesis attached to 
pectoral motor. The child’s muscle motor is still 
too weak for an ideal arm. 

Fig. 14: Patient has short above-the-elbow 
stump; his prosthesis is attached to a pectoral 
motor. 





five had a strength of seventy pounds or more. In above-the-elbow amputees, strength 
varied from thirty to fifty-four pounds (Table II). As approximately 55 per cent. of the 
power of these muscles can be transmitted to the hook or finger tips and as only fifteen 
pounds is needed there, it is evident that all these motors had adequate strength. 

The pectoral tunnels in the adults varied from thirty-five to fifty-three pounds in 
strength. The child’s tunnel had a strength of eight pounds with a gradual increase from 
initial imperceptible power. As only 40 per cent. of this power is transmitted to the termi- 
nal device, the child’s muscle motor is still too weak for an ideal arm; the others are 
adequate. 


Range of Motion 

The biceps motors in below-the-elbow amputees have a range of from two to two and 
three-quarters inches, the biceps motors in above-the-elbow amputees of from one and one- 
half to two and one-half inches, and the pectoral motors of from one and three-quarters to 
two inches (Table II). The child’s pectoral motor has a range of one and one-eighth 
inches. Most terminal devices require a minimum range of one and one-half inches for 
optimum function. 
Construction of the Pin 

The first patients were fitted with eluminum pins curved to maintain the centering. 
These were easily machined in the desired shape, but they became pitted after use and 
irritated the tunnel. All our pins are now made with acrylic plastic over a wire cable, molds 
being taken of the tunnel to ensure an accurate shape. The pins are curved distally on each 
end to keep each centered in its place. If a tunnel should be slightly oblique, the end of the 
pin may be curved to compensate for the obliquity. 


VOL. 33-A, NO. 3, JULY 1951 








610 A. W. SPITTLER AND I. E. ROSEN 


Fitting of Prosthesis 

As soon as a muscle motor has obtained a fair range of motion and strength, the pros- 
thesis is fitted to the amputee. It usually took from six to eight weeks after the operation 
for a muscle motor to gain a sufficient range of motion and strength. ; 

For a below-the-elbow amputee, with a long forearm stump, the only prosthesis needed 
was a well-fitted plastic socket and a small strap just above the elbow to fix a reactor point 
(Fig. 10). In shorter stumps, flexible cables or straps to a cuff around the upper arm with 
straps above and below the tunnel may be necessary (Fig. 11). For below-the-elbow am- 
putees with extremely short stumps, external metal joints are required. These amputees 
van be fitted with any conventional artificial arm, however, with allowance for attaching the 
activating cable of the terminal device to the biceps tunnel rather than to the opposite 
shoulder. 

Above-the-elbow amputees need a conventional prosthesis with an opening in the 
socket (Fig. 12) to allow for the attachment of the muscle motor to the cable. 

Patients provided with pectoral muscle motors require the greatest ingenuity on the part 
of the limb maker (Figs. 13 and 14). The reactor point should be so placed as to transmit 
the power in the direction of the arm rather than toward the shoulder cap. 


Terminal Devices 

Of the twenty-four patients fitted, eleven were fitted with the conventional Dorrance 
hooks, three with functional hands only, and ten with functional hands and interchange- 
able positive closing hooks. 

Dorrance hooks have been used for a long time as a terminal device and are still 
considered to be useful. With a muscle motor, the amputee has better control over the 
closing of the hook and has more independent use of his cinetized extremity. Conspicuous 
shoulder shrugs are avoided. 

A positive or voluntary closing hook developed at the Army Prosthetics Research 
Laboratory (Fig. 10) has a compensating mechanism that allows the muscle to utilize its 
strength throughout its entire range. This compensating mechanism enables the optimum 
use of muscle power and replaces some of the lever action across joints which gives nor- 
mally attached muscles their strength in a shortened position. As the hook closes during 
the contracting phase of the muscle action, it closely replaces the grasping action of a 
normal hand. The action of closing is under control at all times, and the pressure applied 
to an object can be controlled to within a fraction of an ounce. The opening of the hook is 
accomplished with a spring which replaces the extensor mechanism more satisfactorily 
than an extensor muscle motor. Equipped with this terminal device, the amputee develops 
a sense of ‘‘feel’’ of the size and of the consistency of the object grasped. He is able to 
handle many small objects with greater dexterity. 

Hands, also developed at the Army Prosthetic Research Laboratory (Figs. 12 and 14), 
have’a similar mechanism controlling the first two fingers and the thumb. Although it is 
not as adaptable for all uses as the hook, it produces a functional replacement which is 
hard to detect. 

ADVANTAGES OF MUSCLE MOTORS 

The advantages of cineplasty, as listed by our patients, are: 

1. A sense of “feel” and position is transmitted from the terminal device; 

2. Freedom from a harness to the opposite shoulder provides more comfort; 

3. The independence of the extremity gives a better coordination to bilateral activity; 

4. The terminal device can be activated in any position; 

5. The terminal device can be activated without conspicuous motion. 


Nore: Acknowledgment is made to the Medical Illustrative Service of the Armed Forces Institute of 
Pathology for the drawings and to the Army Medical Center for the photographs. 


THE JOURNAL OF BONE AND JOINT SURGERY 








bi 
h: 


p 
lis 


m 
ca 
th 
fol 


pu 
to 
Ce 
sti 


pl 
TI 
em 
tie 
sis 
the 
fou 
ser 


mc 
for 
wit 
tio: 
pat 
cor 


vol 


ty; 


e of 


ERY 








CINEPLASTIC MUSCLE MOTORS FOR PROSTHESES OF ARM AMPUTEES 611 


REFERENCES 
ALLDREDGE, R. H.: The Cineplastic Method in Upper-Extremity Amputations. J. Bone and Joint Surg., 
30: 359-373, 1948. 
Kessuer, H. H.: Cineplasty. Springfield, Illinois, Charles C. Thomas, 1947. 
NIssEN, Rupotr, and BERGMANN, Ernst: Cineplastic Operations on Stumps of the Upper Extremity. New 
York, Grune and Stratton, 1942. 


DISCUSSION 


Dr. Rurus H. ALLDREDGE, NEw ORLEANS, LoutstaNa: Col. Spittler’s work at the Walter Reed Army 
Hospital with the cineplastic method is a culmination of one phase of the research and developmental pro- 
gram which began several years ago. He has demonstrated from a practical standpoint several important 
points, all of which are prerequisite to the successful use of the cineplastic method in upper-extremity 
amputations. 

As a result of the findings of the European Commission on Amputations and Artificial Limbs in 1946, 
the Committee on Artificial Limbs of the National Research Council began a research program on cineplasty. 
A complete analysis of muscle mechanics and physiology of the cineplastic muscle motors resulted in the 
plotting of fundamental data which supplied the surgeon, the engineer, and the limb fitter with the necessary 
requirements for improved prostheses. This has been a long and arduous task. The research and develop- 
mental work which was undertaken by the Committee on Artificial Limbs is still continuing with gradual im- 
provement resulting in the design and the application of the prosthesis to the cineplastic muscle motors. 

As a result of all of this research, the surgery of cineplasty is now on a sounder basis than it has ever 
been. The design, development, and fitting of the prosthesis has been immeasurably improved. The research 
has changed or modified to some extent every phase and aspect of the cineplastic method. At the same time, 
there have been continual improvements as a result of the same research effort in the conventional types of 
prostheses. For these reasons it is more necessary than ever before that the surgeon, the engineer, and the 
limb maker work together as a team and that they have a complete knowledge and understanding of all 
aspects of the problems of upper-extremity amputations. 

Although the cineplastic method has been improved in every aspect, it is still a method which will of 
necessity remain limited in its usefulness for some time to come. The method requires a careful selection of 
vases and the use of a precise surgical technique which will give perfect results in an extremely high percentage 
of cases. Adequate preoperative and postoperative care of the patient, carefully coordinated with a skilled 
limb fitter, in a center which has all of the facilities for the complete fitting of the prosthesis, and thorough 
training of the amputee are the minimum requirements for the use of this method. 

At present there are very few centers in the country where even these minimum requirements can be 
met. The Walter Reed Army Hospital is the leading example of such a center in the world today. The practi- 
val results of Col. Spittler’s application of all of the fundamental principles prerequisite to the success of 
the method speak for themselves and indicate the absolute necessity of having all of the facilities necessary 
for the use of the method before proceeding with cineplastic surgery on any patient. 

I have been personally interested in seeing from time to time and following some of Col. Spittler’s cases. 
The results of his work are encouraging and heartening to all of those who have been interested in the Am- 
putation Artificial Limb Research Program. He is to be congratulated upon his understanding and approach 
to the problem and upon his results. Except for the excellent work Col. Spittler has demonstrated in this 
Center, the research work might not have resulted in any practical benefits for many years to come or, worse 
still, this important and improved method might well have again fallen by the wayside. 


Dr. Henry Kesster, Newark, New Jersey: [Experience of twenty years and more in the field of cine- 
plastic surgery has convinced me of its value. Col. Spittler’s presentation today confirms that conviction. 
These results, and they are brilliant results, could not be obtained alone. The previous speaker has already 
emphasized the importance of integrated teamwork. Excellent results require the proper selection of the pa- 
tient, his briefing, and his cooperation; they require also well executed operations, a well constructed prosthe- 
sis, and training in the use of the prosthesis. This is the sort of integrated program we refer to when we use 
the word “rehabilitation”. In the cases presented by Col. Spittler, the ages range from eighteen to thirty- 
four, but I think we should not get the impression that cases like these are confined to that age group. In my 
series, the age group ran from three and one-half to sixty-five years of age. Many women were also included. 

Cineplasty has a much wider field of usefulness than is indicated by the use of pectoral motors and biceps 
motors alone. I do hope that Col. Spittler will proceed to the application of cineplasty to the forearm. Un- 
fortunately, he, like many of us, is a prisoner of the engineers and of those investigators who are obsessed 
with the idea that a cineplastic motor must have considerable power. The cineplastic motor has other func- 
tions besides that of innate strength. Neuromuscular control is, in my opinion, indispensable. One of my 
patients, for example, was a pianist before he lost his arms in the war, and he was anxious to return to the 
concert stage. This was asking for a little too much. but he required some device which would give him the 

(Continued on page 632) 
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NEW CINEPLASTIC PROSTHESIS * 
BY COMMANDER THOMAS J. CANTY, Medical Corps, United States Navy 


From the Navy Amputation Center, U. S. Naval Hospital, Oakland, California 


The cineplastic procedure in amputation surgery was first described by Vanghetti 
of Florence, Italy, in 1898. In 1905, Ceci presented the original case of a cineplastic 
operation in the lower third of the arm which had been fitted with a prosthesis constructed 
by the orthopaedist Redini before the Italian National Surgical Congress in Pisa*. 

In Germany, Sauerbruch made a special study of the whole idea of cineplasty, pub- 
lishing his reports in 1916. This surgical procedure was introduced in the United States 
by Kessler, who summarized Sauerbruch’s work in 1939. Nissen and Bergmann published 
a short monograph on this subject in 1942, and in 1948 Alldredge published a paper on the 
cineplastic method in upper-extremity amputations. 

The surgery of the cineplastic procedure has been well worked out, and the description 
of the technique in Kessler’s book, Cine- 
plasty, published in 1947, affords an indis- 
pensable practical guide. 

Lebsche in Munich introduced a modi- 
fication in the technique in 1943. He prac- 
tised liberation or division of the distal in- 
sertion of the muscle through which the tun- 
nel was placed. This resulted in allowing :« 
greater excursion of the muscle tunnel and is, 
therefore, an important contribution to the 
cineplastic procedure. 

At the Navy Amputation Center, cine- 
plastic surgery has been performed on forty- 
seven amputees. The experience gained 
from these has shown that the cineplastic 
muscle motor provides an excellent means 
for operating an artificial hand or hook. 

Prostheses available at present are es- 
sentially the same as those developed by 
Sauerbruch and his associates about thirty- 
five years ago. These devices, however, lack 
many desirable cosmetic, functional, and 

Biceps motor on below-the-elbow stump. (Offi- mechanical features. Recently, improve- 

cial U. S. Navy photograph.) ment on the Sauerbruch prosthesis has been 

made by Eberle in New Jersey, who has 

developed a hook for the cineplastic prosthesis which is interchangeable with the artificial 

hand. It has long been realized that there has been a definite need for much improvement 
in cineplastic prostheses |. : 

Fundamental studies on muscle physiology in the cineplastic muscle motor have been 
conducted by Inman and others at the University of California under a research project 
of the Committee on Artificial Limbs of the National Research Council. This work has 
shown that the biceps and pectoral motors provide the greatest power and excursion. 

At this Center, bilateral above-the-elbow amputees have been provided with bilateral 
pectoral motors. Although biceps motors may be provided for amputees with suitably 








Fia. 1 


* The opinions set forth are those of the author and are not to be considered as reflecting the policies 
and views of the Navy Department or the Naval Service at large. 
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long above-the-elbow 
stumps, pectoral mo- 
tors are considered su- 
perior. Recently, biceps 
motors have been pro- 
vided for patients with 
below-the-elbow am- 
putations (Fig. 1). A 
tunnel excursion of as 
much as from two and 
one-half to four inches 
and a power as great 
as from forty to sixty 
pounds have been ob- 
served in biceps and 
pectoral motors (Figs. 
2-A and 2-B). 
Principles of sim- 
plicity, durability, light 
weight, alignment, 
proper cosmetic ap- 
pearance, and proper 
fitting of a comfortable 
socket, together with 
economical manufac- 
turing costs, have all 
been important consid- 
erations in the develop- 
ment of new cineplastic 
prostheses. It is further 
felt that cineplastic 
prostheses should be 
developed which any Fia. 2-B 














qualified limbmaker Pectoralis cineplastic motors showing an excursion of four inches. (Official 
could manufacture, U- 5. Navy photographs.) 
thereby obviating the necessity for a special and expensive prosthesis. 

In the transmission of power from the motor to the distal appliance, the Boden cable 
is utilized; this device has recently received wide acceptance. The efficiency of the cable 
is relatively good and is a considerable improvement over the conventional rawhide or 
leather thong. 

In making below-the-elbow prostheses, utilizing a biceps motor, the socket and fore- 
arm shell are constructed over a plaster reproduction of the stump. Poly-ester styrene is 
used as the plastic, and cotton stockinette as the laminae. An aluminum wrist coupling 
is fitted at the terminal end of the forearm shell. Other types of materials may be sub- 
stituted for the plastic, including -fiber, aluminum, wood, leather, and steel. The biceps 
cuff is open anteriorly and made from a sheet of spring steel covered with leather. 

At the elbow joint there is provided a simple hinge joint which is attached above to 
the biceps cuff. The distal solid stay is replaced by a plastic covered cable which is, in turn, 
attached to the central part of the forearm shell. This arrangement allows the patient to 
use his own remaining powers of pronation and supination. A curved, stainless-steel peg, 
an improvement over the straight ivory peg because it more closely follows the natural 
contour of the tunnel, is attached to the cable. A swivel attachment for the cable housing 
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Fig. 5-A Fic. 5-B 
Views of below-the-elbow cineplastic prosthesis. (Official U. 8S. Navy photographs.) 

















Fia. 6 
_ Pectoralis cineplastic motors activate prostheses in bilateral above-the-elbow amputee. (Official U. 8. 
Navy drawing.) 
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is provided at the distal portion of the biceps cuff, and the two cable housings are again 
joined on a swivel at the distal third of the forearm shell. This allows for manual rotation 
of the hook or hand. The proximal end of the cable is detachable from the curved peg by 
means of a small shaft, ending in a small metal ball. By this means, a break-away is 
provided as a safety factor in case the wearer should be unable to release his prosthesis 


Fic. 8-B Fia. 8-C 


Fig. 7: Bilateral above-the-elbow amputee provided with biceps cineplastic motors. (Official U. 5. 
Navy photograph.) 


Figs. 8-A, 8-B, and 8-C: Bilateral above-the-elbow amputee with pectoralis motors operating Navy- 
Fitch arms. (Official U. S. Navy photographs.) 
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from a moving object. This feature allows the prosthesis to be pulled completely off the 
arm without injury to the muscle tunnel. The completed prosthesis, including the hook, 
weighs approximately one and one-half pounds (Fig. 3). 

A modification of the double cable control, which has been very satisfactory under 
tests, is to use a single cable including the break-away. This arrangement appears to be 
more satisfactory in that the amount of cable and housing is reduced and greater simplicity 
is secured (Fig. 4). 

The amputee fitted with the prosthesis may operate his hook in any position possible 
with the natural hand. No shoulder harness of any type is required, and his hook is under 
his instantaneous neuromuscular command at all times (Figs. 5-A and 5-B). Fitting with 
the cineplastic prosthesis does not restrict the amputee to the exclusive use of that type of 
prosthesis,—he may also be fitted with conventional types without difficulty. 

Above-the-elbow amputees who possess cineplastic motors are fitted with the Navy- 
Fitch prosthesis, and the pegs through the pectoral or biceps motors are attached directly 
hy means of the cable to the hook or hand (Figs. 6 and 7). This particular type of prosthesis 
may also be equipped with a turn-table above the elbow and devices for providing prona- 
tion and supination as well as flexion and extension of the wrist. 

With bilateral above-the-elbow amputees, the operation of the prostheses in excess 
of four shoulder motions is considered undesirable. The complexity of controls and 
harnesses is understandably objectionable to the amputee because of the unnatural and 
grotesque motions of the shoulder required. Actual performance studies of the bilateral 
arm amputee indicate quite conclusively that, when equipped with appropriate cineplastic 
motors (Figs. 8-A, 8-B, and 8-C), the required shoulder motions allow him to operate his 
prosthesis in a more efficient and natural manner. 
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ANALYSIS OF ONE HUNDRED AND TWENTY-FOUR SUCTION-SOCKET 
WEARERS FOLLOWED FROM SIX TO FIFTY-FIVE MONTHS*} 


BY ROBERT MAZET, JR., M.D., PAUL E. MCMASTER, M.D., AND CHARLES G. HUTTER, M.D., 
VETERANS ADMINISTRATION 


From the Orthopaedic Service, Wadsworth General Hospital, Veterans Administration Center, 
Los Angeles, California, and the Veterans Administration Regional Office, 
Los Angeles, California 


The history and development of the suction socket, the indications and contra-indica- 
tions, and the principle governing the construction of the prosthesis have been well de- 
scribed in the literature ® * > % 1% 1% 14, 

The earliest suction sockets made in the Los Angeles area of which we have knowl- 
edge were those constructed by Northrup Aircraft, Incorporated, in 1946. This organiza- 











Fia. 1 Fia. 2 j 
Fig. 1: An early model plastic suction socket, showing prominent ischial seat and lateral projection 
above the trochanter. The valve is seen at the bottom of the socket. 
Fig. 2: Anteroposterior and lateral views of the suction socket (left) and of the conventional pros- 
thesis (right). The valve and the absence of hip-joint and pelvic belt are seen on the suction-socket 
prosthesis. 





tion was interested in the development of a plastic prosthesis and made plastic suction | 
sockets for ten patients (Fig. 1). . 

In the fall of 1947, a school was held under the auspices of the National Research 
Council and the Veterans Administration, at the University of California * for the purpose 
of instructing and training selected surgeons and limb fitters in the construction and in 
the use of the suction socket. Following this, schools were organized and conducted in 
several centers throughout the country. Schools were held in Los Angeles under the aus- | 


pices of the Veterans Administration and National Research Council in December 1947 


and January 1948. In July 1948, a clinic for suction-socket wearers was established at the 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
February 1, 1951. 

t Sponsored by the Veterans Administration and published with the approval of the Chief Medical 
Director. The statements and conclusions published by the authors are a result of their own study and do 
not necessarily reflect. the opinion or policy of the Veterans Administration. 
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Regional Office of the Veterans Administration in Los Angeles. Most of the work which is 
reported here was done through this Clinic. 


GROUPS OF CASES 

The cases in this study are composed of three groups of patients: 

Group I consists of eighty-five patients who have been provided with suction sockets 
through the combined Veterans Administration and National Research Council program. 

Group IT includes thirty-four patients seen by us who had been fitted with suction 
sockets by private physicians, insurance companies, or limb manufacturers not included 
in this program. 

Group IIT consists of ten patients who were fitted in 1946 with plastic suction sockets 
developed by Northrup Aircraft, Incorporated. These have been followed from forty-eight 
to fifty-five months. (One man is now included in Group I.) 


Analysis of Group I 

Of the eighty-five patients in this group, one was a woman. Their ages varied from 
twenty-three to sixty-nine with eleven patients over thirty-five years of age. The follow-up 
period on these patients has been as follows: Twelve patients were followed from six to 
twelve months, forty patients from one to two years, twenty-three from two to three years, 
and ten for over three years. 

These patients were selected with care, and special attention was given to their emo- 
tional stability. In the first year or so of the program, only those patients with presumed 
ideal stumps were fitted. Experience showed, however, that other stumps could be satis- 
factorily fitted; hence, individuals with more complicated fitting problems were accepted. 

Seventy-two of these eighty-five patients are successfully wearing suction-socket 
prostheses (Fig. 2). None was satisfactorily fitted with the first socket without some altera- 
tions or modification. These averaged three or four to each socket, while some required 
many more. Bechtol has emphasized the need for frequent modifications '. In thirty of 
the seventy-two, a second socket was necessary before a satisfactory fit was obtained. 
In four instances, three sockets were necessary. A good many of the sockets which were 
made early in the program proved unsatisfactory because of inadequate construction and 
fitting. 

Thirty-five of the seventy-two patients have had only one socket. These were made 
later in the program and reflect the accumulated experience which now enables a better 
initial fitting to be obtained. 

Only two patients fitted in the past year have required a second socket because of 
improper construction of the first socket. Thirteen of the eighty-five patients were unsuc- 
cessfully fitted. These men dropped out of the program for various reasons: One moved 
from the area; three were unable to devote the necessary time to obtain alterations and to 
attend the follow-up clinics. Eight simply did not cooperate; they apparently expected 
immediate success from this type of prosthesis, and either would not or could not devote 
the necessary time and effort to become successful wearers of the prosthesis. One, who had 
an extremely short stump, is a commercial pilot. Since he lost suction when sitting, he felt 
that the conventional type of prosthesis was better for him in this work. 

Six individuals, who were fitted early in the program, were not satisfied, and they 
dropped out for varying periods of time. They later returned to the program, were well 
fitted, and are among the seventy-two satisfied wearers. 


Analysis of Group II 
Thirty-four patients who were fitted by either physicians or limb fitters outside the 


Veterans Administration program have been seen by us. These patients had worn suction 
sockets for six to thirty-six months; twenty-one were satisfied wearers. Seventeen were 
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thirty-five years of age or older. In four of six insurance cases, the patients became success- 
ful wearers. One was a girl eleven years old. 

These patients had had the same problems as those in Group I. In general, however, 
their difficulties were usually more pronounced. A number exhibited persistent oedema 
of the stump after six to eight months of wearing the suction-socket prostheses. Several 
of these people had not been followed, and others had had an insufficient follow-up. A few 
had purchased the prosthesis from a limb shop without having seen any doctor. 


Analysis of Group III 


Of the ten men for whom Northrup Aircraft, Incorporated, made their first plasti¢ 
suction sockets in 1946, only four still wear suction-socket prostheses. 

The first of these, a salesman thirty-one years old, despite discouraging ischial irrita- 
tion and oedema, has maintained his enthusiasm for the suction socket. He is wearing his 
third socket, but he is still not entirely satisfied. He needs a new one with more room 
distally. 

The second, a salesman forty-two years old, wore his suction socket for approximately 
two years before going back to a conventional prosthesis. The advantages of the suction 
socket, however, were so apparent to him that he asked to be included in the Veterans 
Administration program. Fourteen months ago, his plastic socket was replaced by one of 
willow wood, and he is now a satisfied wearer. 

The third patient, a lawyer, thirty-eight years old, now wearing his third plastic 
socket, had been a satisfied wearer for four years until a few months ago. An allergic der- 
matitis of the stump was caused by the lacquer finish of the socket, and for this reason he 
is not now wearing the suction-socket prosthesis. This patient had played a great deal of 
tennis and golf while wearing the suction socket. 

The fourth patient is a former marine, now a student counselor. He is thirty-eight 
years old and weighs 220 pounds. He has been followed longer than any other in this series, 
and has been an enthusiastic suction-socket wearer for fifty-five months. He is an avid 
fisherman and is now wearing his twelfth socket. His stump has increased five inches in 
circumference during this time. He has experienced and has successfully overcome the 
complications which were experienced by other members of the group. At first, he had 
difficulty with ischial irritation, and many adjustments to the ischial seat were necessary 
until a satisfactory fit was obtained. Then he discovered that the high prolongation of the 
socket laterally was unnecessary. He had had a great deal of trouble because of choking 
at the end of the stump, which was caused in part by the increasing circumference of the 
stump as the muscles developed and in part by the fact that, at the distal end, insufficient 
room had been provided. 

The remaining six patients of this group have been unable to obtain satisfactory 
fittings and have returned to conventional prostheses. 

DISCUSSION 

There are several generalizations which can be made from the study of these groups. 
In our experience, the indications for a suction-socket prosthesis are: for any stump with 
more than four inches of femur, measured from the adductor tubercle of. the pubis to the 
bone end, in which no active infection, dermatitis, large tender bony spur or scar, and no 
advanced circulatory impairment is present. Small spurs are not a contra-indication. Long 
stumps (Gritti-Stokes or Callender) are less suitable, because the socket must be long, 
which interferes with the placement of the knee mechanism. Painful scars which cannot 
be resected are a contra-indication. It is necessary for the individual to be emotionally 
stable, and to desire rehabilitation and independence. He must also have the perseverance 
necessary to adapt himself to this type of prosthesis, and he must be willing to expend the 
time and effort which successful fitting demands. 
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Patient’s Reaction 


Those patients who have carried on with the suction-socket prostheses have been 
quite consistent in their reactions to it. They have invariably stated that they prefer the 
suction socket to a conventional type because: 
1. This prosthesis feels more like an integral part of the person; 
2. It is easier to control, particularly in rotatory movements; 

. It provides greater freedom of motion; 

. The prosthesis feels lighter; 

5. The piston action of the stump in the bucket is largely eliminated; 

6. The prosthesis eliminates the pelvic belt, shoulder harness, and stump socks, 
as well as the increased. perspiration associated with these; 

7. The prosthesis causes no bulges beneath the clothing; 

8. Those patients whose adductor rolls have disappeared with the use of the 
suction socket are cognizant of this added comfort. 


Hm CO 


Complications 
Ischial Irritation 


Practically every patient in this series has complained of some ischial irritation at the 
outset. This appears to have been less severe in those individuals who had had a well fitted 
conventional prosthesis with partial ischium-bearing. Modifications of the ischial seat to 
conform to the needs of the patient and some fortitude on the part of the patient himself 
have solved this problem. In this connection, it has been found that partial end-bearing, 
in those stumps which will tolerate it, relieves some of the ischial pressure. The ankle, with 
lateral motion, permitting about 15 degrees of rotation, has proved beneficial in this re- 
gard. Practically all the patients who have worn this type of ankle have felt that this factor 
is of some importance. Sooner or later, however, almost all of the men have gone back to 
the conventional type of ankle joint, because the ankle with lateral motion does not stand 
up mechanically. It requires constant repairs, necessitating absence from work. 


Oedema 


Of the patients in Group I, 40 per cent. have complained of oedema, while in the other 
two groups, about 60 per cent. have complained of oedema. The causes and remedies of 
oedema will be discussed in the section devoted to the construction of the socket. 


Other Complications 


In a few individuals, pressure in the adductor region or over the glutaeus maximus 
occurred. Loss of suction was seen in about 10 per cent. of the cases, which, except in the 
extremely short stumps, was a fitting problem. Folliculitis and dermatitis have been 
troublesome in a few isolated instances, but have been corrected by dermatological treat- 
ment. In our experience, perspiration has been a minor problem; in only three patients 
has it been severe. Formerly, silica gel, a hygroscopic agent, was used in an effort to lessen 
perspiration. However, a 20 per cent. solution of aluminum chloride, applied to the stump 
every three or four days, is more effective in controlling perspiration. To control the yeast 
and fungus growth which produce a foul smelling socket, the socket (not the stump) should 
be washed with 2 per cent. formalin solution, followed with alcohol, at weekly intervals. 
Injuries to the Opposite Extremity 

In several instances in this group of cases, wearers of suction-socket prostheses had 
severe injuries to the opposite extremity, such as a fused knee, a below-the-knee amputa- 
tion, malunion of femur or tibia with a resulting deformity. These disabilities have not 
interferred with the use of the suction socket, and they are not, therefore, considered 
contra-indications. 
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CONSTRUCTION OF THE SOCKET 

The general principles and errors in construction of the suction socket have been 
discussed elsewhere * * 4 * % 1% 13 4, Mistakes have been discovered by trial and error, 
and may now be avoided. Two points, however, in the construction (Fig. 3) and the fitting 
should be emphasized. 

The first point concerns the ischial seat (Fig. 4). Early in the suction-socket program, 
it was believed that the ischial seat should be high, wide, and flat. In many instances this 
‘saused excessive irritation, so the seat was modified by lowering it, decreasing its width, 
rounding its anterior surface, and extending it laterally to permit some gluteal weight- 
bearing. It was found, however, that the tuberosity tended to slide forward off the seat, 
‘ausing pressure in the adductor region and over the femoral triangle, with discomfort and 
an obstruction to venous and lymphatic return. The lateral prolongation was also found 
to crowd the gluteal muscles, which produced too much pressure anteriorly when the 
glutaeus maximus was contracted. The sockets recently constructed have, therefore, been 
made with the ischial seat relatively flat, fairly wide, well to the medial side, and directly 
beneath the tuberosity. That the seat 
be directly beneath the tuberosity is the 
-ardinal requirement. 

The second point relates to the 
shape of the socket. The general belief 
at the start of this program had been 
that the suction socket should fit the 
stump snugly. As a result of this close 
fit, the distal ends of some stumps were 
choked, and the patients suffered from 
the resulting oedema. It is our belief 
that the most important cause of 
oedema is this choking of the lower end 
of the stump. Therefore, sockets are 
now made somewhat barrel-shaped, 
with a snug fit circumferentially for two 
and a half to three inches at the top, 
and with contact between the socket 




















INITIAL PRESENT 
Post. Post. 


Fic. 4 Fig. 5 

Fig. 3: View of the suction socket seen from the top: a, ischial seat; b, cut-out for gluteal muscles; 
c, projection behind trochanter; d, cut-out for abductor muscles; e, valve opening. The anterior under- 
cut is also shown. 

Fig. 4: Drawing on the left illustrates the high lateral prolongation, deep gluteal cut-out, prominent 
ischial seat, and uniform snug fit of the early model suction socket. Posterior view is shown. The two 
figures on the right illustrate present model with snug fit only at the top, contact anteriorly, small 
medially placed ischial seat. Posterior and medial views are shown. 

Fig. 5: A shows adductor roll. B shows adductor roll pulled down into the bucket. 
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Fig. 6-A Fic. 6-B Fia. 6-C 


Anterior, posterior, and side views of a patient wearing a suction-socket prosthesis are shown. 


and the anterior surface of the stump. Elsewhere there is no contact between socket and 
stump. The Germans have recommended this type of socket.* It has been found, further, 
in those patients with an adductor roll, that this can be pulled down into the socket and 
made to disappear gradually (Fig. 5); thereafter patients are much more comfortable. 
It is worthy of comment that the shape of the top of the socket does not seem too impor- 
tant. In Group I there were eighteen with rectangular tops, seventeen with triangular 
tops, and seven with rather circular tops; the remainder were variations of these. 
Significant factors in the shape of the socket appear to be that: 
1. More pressure can be tolerated anteriorly at the top than was formerly thought 
possible; 
2. The actual area of close contact between skin and socket needs to be only 
about two to three inches at the top; 
3. There must be sufficient room about the distal end of the stump to prevent 
choking and oedema; 
4. The ischial seat must be directly under the tuberosity ; 
5. The necessity for an accurate fit remains paramount. 


Changes in the Stump 

In the early suction-socket wearers, it was anticipated that an initial shrinkage in 
the circumference of the stump would occur and that this would be followed by hyper- 
trophy. In this series of cases, however, except in those patients where there was a general 
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Fia. 7-A Fia. 7-B 


Fig. 7-A: A patient is shown wearing a suction-socket prosthesis as he ascends a ladder. This patient 
built his own house. 
Fig. 7-B: The patient shown in Figure 7-A is here shown jumping from a ladder. 


weight loss, the shrinkage occurred in few instances. There were, however, rather marked 
stump changes which consisted for the most part in an increased circumference and in a 
disappearance of an adductor roll. It should be noted that the necessity for a second and 
third socket in several instances was due to the increasing size of the stump as the muscles 
developed. The muscle hypertrophy was sometimes accompanied by an increased firmness 
of the skin and subcutaneous tissue. The maximum increase in the circumference of the 
stump was five inches. 
Valve 

Considerable variation of opinion exists as to the most desirable type of valve. A 
springless valve, which is in effect a flap valve, is now being used extensively in the Los 
Angeles Veterans Administration Clinic. It permits automatic expulsion of air on standing, 
which makes positive pressure practically zero; it closes during the swing phase of the gait, 
building up to an estimated negative pressure of between one-half pound and one 
pound; it remains open when the patient is seated or reclining, permitting a partial ex- 
change of air within the socket. This lessens the problem of perspiration. 


Plastic Sockets 


Only three of the original ten plastic socket wearers persisted in its use,—each of them 
has had three or more. We believe that the plastic socket is suitable only after the shape 
and size of the stump have become stable, for this plastic material does not lend itself to 
modification as does willow wood. When the stump has been stabilized, however, it makes 
a satisfactory socket. The difference in weight between the plastic socket and the willow- 
wood socket is slight. 


Plug Fit 
There are several plug-fit sockets in Group II, including that worn by one woman. It 


THE JOURNAL OF BONE AND JOINT SURGERY 

















ANALYSIS OF SUCTION-SOCKET WEARERS 625 


would seem, as already explained, that this type of socket is undesirable, but these patients 
appear to be successfully fitted and satisfied. They would probably be more satisfactorily 
fitted, however, in an ischium-bearing socket. 


SPECIAL GROUPS OF PATIENTS 
Women 
There were eight women in this series (Figs. 6-A, 6-B, and 6-C). Five were better 
satisfied with the suction-socket prosthesis than with the conventional prosthesis, while 
three were not successfully fitted. They appreciated particularly the following advantages 
of this type of socket: 
1. A feeling of greater cleanliness and the lack of bulges under their clothing 
caused by the pelvic belt. 
2. One, who went through pregnancy, stated that she would not have done so 
with a conventional prosthesis and its pelvic belt. 
3. They are able to put the prosthesis on without removing their outer clothing. 
They preferred the lateral motion ankle as they could walk better with it when wear- 
ing high-heeled shoes. 


Children 

There was one eleven-year-old girl in Group II. She has been a satisfactorily fitted 
wearer for ten months. The experience of other clinics in fitting children has been encour- 
aging. Children are, of course, most adaptable; they have a good sense of balance, no 
inhibitions, and are anxious to walk. 

Frantz, of Grand Rapids, Michigan, has treated fifteen children with suction sockets, 
two of whom were bilateral amputees. Sofield, of Chicago, has had four children in suction 
sockets. 

The problem of replacement of a suction socket during the growth period is similar 
to that with a conventional prosthesis. 


Bilateral Amputees 

Experience with bilateral amputees wearing suction sockets in the Los Angeles 
Veterans Administration Clinic is limited to three patients, two of whom died of inter- 
current diseases before they became good walkers. The one patient now under observa- 
tion has been wearing two suction sockets for three months. He is a good walker, but he 
has not been followed long enough to be included in this series. 

Thomas, of Denver, has had four bilateral amputees successfully wearing suction- 
socket prostheses. 

Bechtol 2, of Oakland, states that he has had two successful wearers in his Clinic. 

Lawrence, of New York, reported three seen in his Clinic. He suggests the addition 
of a Silesian band over the trochanter for these patients as an aid to beginning ambulation. 

Daniel, in his monograph on the Rehabilitation Clinic at Bellevue Hospital, states 
that four bilateral amputees have been successfully fitted there. 

The most troublesome factor in fitting bilateral amputees is the absence of one stable 
extremity to stand on while inserting the other leg into the prosthesis. While sitting, these 
patients have to put the stumps into the sockets either all the way, or far enough to stand 
and balance themselves while completing the bilateral application. 

Unsuccessful Wearers 
There have been, in this area, a number of unsuccessful suction-socket wearers. In 


almost every case, the patient, for one or another reason, did not persevere in his efforts 
to secure a satisfactory fit. In some instances, this was due to the personality of the pa- 
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tient; in others, where an initial satisfactory fit was not obtained, the patient simply be- 
came disgusted and refused further cooperation. Eleven patients in Group I, who started 
on the program, were either unable or unwilling to devote the necessary time and effort 
to obtain a satisfactory fitting. Others in the remaining groups were unsuccessful for 
various reasons. 

Thorndike * “, has stated that when the Veterans Administration program com- 
menced, surgeons and the limb fitters were not too expert in making the suction socket. 
As experience was gained, however, less difficulty in fitting occurred, fewer modifications 
of the socket were necessary, less time was required of the patient, and fewer sockets had 
to be constructed. More difficulties were encountered in Group II and Group III, where 
supervision by the doctor and compulsory follow-up visits were usually lacking. 

It should be emphasized that the Veterans Administration-National Research Council 
program has been successful because of the careful selection of patients and adequate 
follow-up visits (Figs. 7-A and 7-B). The success of the Veterans Administration Clinic has 
been dependent upon the complete cooperation of all people involved,—namely, the pa- 
tients, the personnel in the Prosthetic and Sensory Aids Service of the Veterans Adminis- 
tration Regional Office, the limb fitters, physical therapists, and the doctors. The fitters 
in our area have faithfully attended the meetings of the Clinic, have accepted constructive 
criticism of their own work, and have made suggestions when called upon. 


SUMMARY 

A critical evaluation of 124 suction-socket prosthesis wearers who have been observed 
between six and fifty-five months, clearly indicates the desirability of this appliance. 

Accurate fitting is an absolute necessity. Sufficient room at the lower end of the socket, 
and the placing of the ischial seat beneath the tuberosity are essential considerations. Some 
modification of the socket is usually required. 

The number of patients who were unsuccessful suction-socket wearers for individual 
reasons does not detract from the practicability of employing this type of prosthesis in 
the majority of above-the-knee amputees. 

The experience accumulated in the Los Angeles Veterans Administration Clinic indi- 
cates that, in the majority of cases, the above-the-knee amputee can, if adequate care is 
exercised, be fitted with a suction socket with a gratifying result. 
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The fitting of a suction-socket appliance requires even greater cooperation and in- | 


vestment of time by the patient, surgeon, and limb fitter than is demanded in the fitting 
of a conventional prosthesis. 

In many individuals, hypertrophy of the muscles of the stump occurs, for these mus- 
cles are used to activate the prosthesis. The increase of stump circumference occasioned 
thereby may necessitate the construction of more than one socket before a final satisfac- 
tory fit is obtained. 
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DISCUSSION 


Dr. Auaustus THORNDIKE, Boston, Massacuusetrs: In discussing this excellent paper, I shall limit 
my remarks to the authors’ patients in Group I. Experience ha> shown that, in the past, we have judged and 
classified the above-the-knee amputee as a successful wearer of a suction-socket prosthesis too early. In a 
series of 221 patients which I reported in June 1949, only 4 pe> cent. of the patients were classified as failures, 
whereas when this same series was re-appraised one year later, 17 per cent. were actually classified as failures. 
It is our opinion that one should not appraise the final result until the suction-socket wearer has worn his 
prosthesis for at least twelve months or until he has had an opportunity to use it through all four seasons 
and in all climatic conditions. Excessive humidity, with the complication of sweating, has caused some of our 
successful wearers to abandon this type of prosthesis. 

In reporting our series of 606 patients in the Veterans Administration Experimental Program in June 
1950, we gave the failures as 13 per cent. This seems to me to be the probable incidence one might expect. 
However, with experience being gained by the limb fitters, in cooperation with our thirty Orthopaedic and 
Prosthetic Appliance Clinic Teams, we will lower this incidence of failure. Only last week, I had occasion to 
discuss with one of our consultants his experience in a recent follow-up of his thirteen failures originally re- 
ported. I was informed that he had since successfully fitted all but one,—a psychological problem. However, 
before accepting these twelve as successful, I advised him to follow them for another twelve months. 

An appraisal of the types of valves has revealed that different types of valves are suitable for certain 
individual cases. A one-way valve has proved most desirable; a flap valve works satisfactorily in some cases, 
whereas others desire the closed type of valve and describe the value of the sense of feel of the stump “riding 
on an air cushion’’. All valves, however, must be so set that the negative pressure on the swing phase of walk- 
ing does not exceed one and one-half pounds per square inch and the positive pressure in the stance phase 
of walking does not exceed one and one-half pounds per square inch. It should not be forgotten, however, 
that our best walkers, using contact on the sidewalls of the socket by contracting their remaining thigh 
muscles, can hold the prosthesis on without any valve. 

A few words on the shape of the suction socket. Patients have been successfully fitted with a conical 
socket,—a plug fit. However, we prefer the quadrilateral shape, similar to the frozen section of the thigh, 
allowing a cut-out and shaping for the adductus longus, the glutaeus minimus and the glutaeus maximus, 
and the greater trochanter. The ischial seat has been so modified now that it is no longer an angular shelf, 
but is rounded and somewhat sloping at its anterior margin. We like to think of it as the point where the 
patient obtains weight-bearing. As the author has indicated, this point must be accurately determined to 
“bear” on the ischial tuberosity itself. The use of the term “barrel” to describe the shape of the socket, I do 
not like. Rather one should describe the shape below the rim as “‘under-cut.” to permit the muscles to expand 
or contract. It should always be remembered that the stump of a suction-socket prosthesis wearer is an active 
functioning stump and that the remaining muscles of the stump become hypertrophied with use. 

I wish to express my appreciation to your Program Committee for inviting me to discuss this excellent 
paper and to compliment the authors on this report of 124 patients. 


Dr. James McArerer, New York, N. Y.: Dr. Mazet has presented a statistical study of 124 suction- 
socket wearers. At the outset, I would like to add a word of caution on the pitfalls of a purely statistical ap- 
preciation, especially from a comparative viewpoint with so many diversified and concealed factors coming 
into play,—such as the selection of cases, material, training, and indeed, the very yardstick by which success 
or failure is determined. 

The causes of failure at the New York Regional Office Clinic of the Veterans Administration were along 
the same lines as reported by Dr. Mazet. With the accumulated experience of surgeons and craftsmen, many 
of the early difficulties were overcome. 

Although in principle the suction socket is accepted as a useful prosthesis and in a great many cases has 
been enthusiastically received, in a larger sense, this type of prosthesis is still regarded as in an experimental 
stage; for, as Dr. Alldredge said in 1946, “It is not altogether clear as to exactly why the suction socket does 
not enjoy more widespread use or why its use has been discontinued by so many at different times, in different 
countries”, We are still searching for the right answer. 

There is a wide discrepancy of opinion as to the proper construction of the so-called ischial seat, with 
some experts making a large bench-like seat way beyond the tubercle zone, while others give preference to a 

(Continued on page 649) 
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COMPARISON OF VITAL CAPACITY IN NORMAL 
AND POLIOMYELITIC SUBJECTS * 


BY ATTIE YVONNE WERNER, M.S., G. R. ZUMETA, M.D., R. W. NEWMAN, M.D., 
AND H. M. HINES, PH.D., IOWA CITY, IOWA 


From the Departments of Physiology and Orthopaedic Surgery, 
State University of Iowa, Iowa City 


The fact that a third or more of the motoneuron population may be destroyed before 
neuromuscular dysfunction occurs at the clinical level! suggested that partial paralysis 
of respiratory muscles might occur without overt clinical signs. It was thought that states 
of subclinical partial paralysis might be revealed by measurements of the maximal func- 
tional capacity of the thoracic cage. Since 1846, when Hutchinson carried out the first 
scientific investigation of the vital capacity of man, numerous studies have been made 
concerning vital capacity as it relates to many conditions, such as heart disease, tubercu- 
losis, and pleurisy. To date, little attention has been given to the vital-capacity measure- 
ments of poliomyelitic subjects who were not respirator cases or who had no overt inter- 
costal or diaphragmatic paralysis. 

This report is concerned with a comparative study of the vital capacity of 270 polio- 
myelitic subjects, ranging in age from five to forty-nine years; thirty-nine subjects from 
eight to twenty-five years of age with scoliosis due to etiologies other than poliomyelitis; and 
648 normal control subjects, ranging in age from five to forty-three years. Both female and 
male subjects were employed in the study. Approximately 75 per cent. of the poliomyelitic 
subjects were observed in the Orthopaedic Clinic at the State University of lowa Hospitals 
over a six-month period, as each patient returned for treatment or to be checked. The 
remaining 25 per cent. were school children observed on field trips. Poliomyelitic subjects 
were selected for study if poliomyelitis had occurred at any age; selection was not, there- 
fore, confined to any period of occurrence. The range of occurrence of poliomyelitis was 
from one week to forty-three years, averaging eight years for males and nine years for 
females before the time vital capacities were measured. It was very difficult to reckon with 
the factor of time in the development of scoliosis, but the range was from one to twenty- 
one years with an average of six years for all patients. 


METHOD 

Vital capacity of each subject was measured on a standard Hutchinson type of spiro- 
meter. Three trials were made and the largest reading, corrected to body temperature of 
37 degrees centigrade, was recorded as the vital capacity. In view of the fact that various 
workers have shown that vital capacity has a high correlation with body surface area, it 
was decided to determine the surface area of each subject tested. For this purpose height 
and weight were recorded at the time of testing. Shoes were removed and proper deduc- 
tions were made for other clothing. The vital-capacity quotient was calculated in liters of 
vital capacity per square meter of body surface area. Surface area was calculated from a 
standard Boothby and Sandiford nomogram, based on the formula of Du Bois and Du 
Bois. In view of the fact that some poliomyelitic subjects were unable to stand long enough 
to permit measurement of the vital capacity in that position, it was necessary to compare 
the vital capacity in the sitting and standing positions. Therefore, ninety-one normal 
males and twelve normal females, twenty through thirty-five years of age, were tested 
both in sitting and standing positions, in random order. At the time of testing each polio- 
myelitic subject, a description of residual effects was recorded and distinction was care- 


* Aided by a grant from the National Foundation for Infantile Paralysis, Inc., New York, N. Y. 
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TABLE I 


ViTAL-CAPACITy QUOTIENTS IN POLIOMYELITIC SuBJECTS TREATED IN RESPIRATORS 











Age Duration Vital-Capacity Deviation 





Sex (Years) (Years) Scoliosis Quotient * (Per cent.) 
M. 7 2 Moderate 1.02 —38 
M. 14 8 Severe 0.91 —64; 
M. 23 12 Severe 1.28 —52. 
M. 30 18 Severe 1.70 —36 

F. 18 2 None 0.84 —59} 

F. 16 4 Severe 1.37 —33 

F 37 2 None 0.30 —85 

F 27 12 { 


None 0.70 —664,, 





* Liters per square meter of surface area. 


fully noted between respirator and non-respirator cases, scoliotic and non-scoliotic cases. 
Further, the degree of scoliosis was recorded. 

Inasmuch as the body surface area of the subjects in this study was calculated from 
data on weight and height, and the height of the subjects was measured in an erect position, 
it was thought that a false height might be recorded, since a curvature of the spine causes 
its shortening. In order to determine whether or not the shortening of the spine caused 
by the scoliosis was great enough to produce a significant change in the calculated body 
surface area and vital-capacity quotient, the difference between the length of the curved 
and theoretically straight spines was calculated for twenty scoliotic subjects. Calculations 
were made according to the following procedure: Two landmarks were drawn upon an 
anteroposterior roentgenogram of the spine with the subject in the standing position, one 
above and one below the deformity. The straight distance between these two points was 
recorded. In case of overhang, this measure was taken from the upper landmark to its 
projection over the horizontal line that passed by the lower landmark. The true length of 
the spine between the landmarks was determined with the aid of a map meter. The differ- 
ence between the length of the spine segment measured by the map meter and that meas- 
ured by a straight line represented the increase in length of the spine if it had possessed a 
straight alignment. That figure, added to the apparent height of the subject, will give the 
true height. 

RESULTS 

The fact that values for vital-capacity quotients have been shown to vary with age 
and sex made it necessary to analyze statistically our results on the basis of age and sex 
groups. No significant difference was found between vital-capacity quotients of adult 
male and female subjects in the sitting and standing positions. Further, the average values 
found for the vital-capacity quotients of normal adult female and male subjects were 
almost identical with those reported by West. 

It was found that the loss of height in a scoliotic patient as a result of the lateral 
curvature of the spine does not produce enough change in the calculated body surface to 
cause significant changes in the calculated vital-capacity quotient. In the authors’ studies 
on twenty cases with different kinds and degrees of scoliosis, including double curves, 
the greatest difference between the apparent and the theoretically true length of the spine 
was eleven centimeters. The difference between the two lengths of the spine, the apparent 
and the true length, increases with the degree of deformity. Curves up to 105 degrees are 
included in this group of twenty cases. These differences in length produced only insignifi- 
cant variations in the vital-capacity quotients and for the most part may be disregarded, 
since the largest difference found among the quotients was 0.06 liter per square meter of 
surface area, which represents a deviation of less than 4 per cent. 
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TABLE II 
AVERAGE VALUES TOGETHER WITH STANDARD DEVIATIONS FOR THE VITAL-CAPACITY 
QuoTIENTS OF NORMAL AND POLIOMYELITIC SUBJECTS 





. 5 Mean Vital-Capacity Quotients 
Group No. of Cases (Liters of Vital Capacity per Surface Area in Meters) 





| 
wee 
; | Significant Level 
(Years) | Normal Poliomyelitic | Normal Poliomyelitic t Values¢ (Per cent.) 


Females without Scoliosis 





.40 + 0.36 1.32 + 0.16 


5 to 6 25 7 1 0.552 60 
7to8 20 6 1.59 + 0.18 1.75 + 0.13 2.078 5 
9 to 10 | 22 9 1.68 + 0.17 1.84 + 0.34 « 1.684 20 
11 to 12 | 31 14 1.82 + 0.22 1.87 + 0.17 0.735 50 
13 to 17 75 27 2.03 + 0.24 2.06 + 0.28 0.526 60 
18 and above | 130 20 2.05 += 0.20 2.06 + 0.26 0.196 90 
Females with Scoliosis 
5 to 6 25 0 | 1.40 + 0.36 
7to8 20 5 1.59 + 0.18 1.92 + 0.14 2.713 2 
9 to 10 22 5 1.68 + 0.17 1.80 + 0.26 0.865 40 
11 to 12 31 3 1.82 + 0.22 1.59 + 0.47 1.465 20 
13 to 17 75 13 2.03 + 0.24 1.86 + 0.33 1.379 20 
18 and above 130 7a * 2.05 + 0.20 2.19 = 0.16 1.818 10 
70 2.05 + 0.20 1.45 + 0.20 7.595 0.1 
Males without Scoliosis 
5 to 7 36 13 1.64 + 0.22 1.55 + 0.28 1.154 30 
8 to9 33 14 1.78 + 0.24 1.90 + 0.25 1.519 20 
10 to 11 23 12 1.96 + 0.15 1.97 + 0.28 0.133 90 
12 17 7 2.03 + 0.17 1.88 + 0.16 1.899 10 
13 22 6 2.15 + 0.30 2.22 + 0.07 0.547 60 
14 to 15 45 10 2.36 + 0.21 2.41 + 0.18 0.694 50 
16 21 7 2.47 + 0.21 2.61 + 0.24 1.429 20 
17 and above 148 20 2.64 += 0.31 2.64 + 0.28 0.000 100 
Males with Scoliosis 
5to7 36 6a * 1.64 + 0.22 1.70 + 0.14 0.000 100 
6b ** 1.64 + 0.22 1.51 = 0.10 1.398 20 
8 to9 33 4 1.78 + 0.24 1.83 + 0.03 0.403 70 
10 to 11 23 6 1.96 + 0.15 1.87 + 0.22 0.485 70 
12 17 1 2.03 + 0.17 2.13 + 0.31 0.840 50 
13 22 5 2.15 + 0.30 1.95 + 0.70 1.591 20 
14 to 15 45 4 2.36 + 0.21 2.37 + 0.17 0.091 90 
16 21 3 2.47 + 0.21 2.55 += 0.44 0.497 70 
17 and above 148 3a * 2.64 + 0.31 3.13 + 0.17 2.707 20 
jo 2.64 + 0.31 2.39 + 0.61 1.953 10 
* Slight scoliosis. ** Severe scoliosis. 


+ Level of significance is derived from a statistical analysis of data involving the factor “t’’. It expresses 
the probability of observed differences being due to chance; and the lower the level, the higher the reliability 
of the results. 


The vital-capacity quotients (Table I) of eight subjects with partial paralysis of theit 
respiratory muscles and with a history of having been treated in respirators were all sig- 
nificantly lower than those for normal controls for their age and sex. 

The results of the study, which are summarized in Table II, show that there was no 
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TABLE III 


AVERAGE VALUES FOR ViTaL-Capacity QuOTIENTS OF NON-POLIOMYELITIC SCOLIOTIC SUBJECTS 








: ' Deviation of Vital- 
j No. of Age Capacity Quotient 
Pattern Cases (Years) (Per cent.) 

2] - ee 
Lumbar and thoracolumbar 9 15 (11 to 19) —7* (-—18to +16) 
Thoracic or double curve with less than 45 

| degrees of deformity 14 14 ( 8 to 25) —~0.5 * (—23 to +25) 
Thoracic or double curve with more than 45 
degrees of deformity 16 15 (11 to 25) —30 ** ( —4 to —73) 











* Not statistically significant. ** Statistically significant. 


' significant difference in the vital-capacity quotient in any age group between normal and 
non-scoliotic poliomyelitic female or male subjects. In general, there was no significant 
_ difference in the vital capacity between normal and scoliotic poliomyelitic male subjects. 
In general, there was no significant difference in the vital capacity between normal and 
scoliotic poliomyelitic female subjects. An exception is noted in the severely scoliotic 
female group eighteen years and older, where the mean vital-capacity quotient was sig- 
nificantly less than normal. In these groups, subjects were not included who gave a history 
of respiratory paralysis that required respirator treatment during the acute phase of the 
| disease. 
The vital-capacity quotients of subjects with non-poliomyelitic thoracolumbar or 
primary lumbar scoliosis were not significantly lower than those of normal controls for 
the same age and sex (Table III). Likewise, no significant difference was found between 
the vital-capacity quotients of subjects with non-poliomyelitic scoliosis with primary 
} thoracic and primary double patterns, whose angle of deformity was less than 45 degrees, 
and of normal control subjects of the same age and sex (Table III). However, when the 
angle of deformity exceeded 45 degrees, a significant reduction in vital-capacity quotient 
was usually found. In a series of sixteen cases, the average values recorded in Table III 
show vital-capacity quotients 30 per cent. lower than those found in normal controls of 
the same age and sex. 
} Vital-capacity measurements involve the carrying out of a coordinated pattern of 
movement through a maximum range of motion, but do not necessarily reveal the maxi- 
mum strength of the muscle groups involved. Although a majority of the patients ex- 
hibited considerable amounts of iesidual crippling, there was no significant difference 
between the vital-capacity quotients of normal and poliomyelitic subjects. These findings 
may mean either that the motoneuron pool of the respiratory muscles had suffered less 
permanent damage from the virus than the motoneurons supplying other muscle groups, 
| or that more adequate compensation had taken place. The fact that subjects with respira- 
| tory involvement sufficient to require the use of a respirator during the acute phase of the 
disease exhibited low vital-capacity quotients indicates that there are limitations to 
==— compensatory adjustments. 

The extent, if any, to which the infrequency of the occurrence of functional impair- 
ment in the respiratory neuromuscular apparatus can be attributed to the persistence of 
rhythmical activity throughout the periods of acute illness and convalescence is prob- 
lematical. Only speculation can be advanced as to whether comparable activity in non- 
respiratory muscle groups would serve to lessen the functional impairment resulting from 
Sif § paralysis and spasticity. It might be of some interest to study the vital capacity of polio- 
myelitic patients at the end of the period of acute illness and at regular intervals for some 
nO) time thereafter. 
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SUMMARY AND CONCLUSIONS 

1. No significant difference was found in the vital-capacity quotients of subjects in 
the sitting and in the standing position. 

2. The loss of height that might be present in a scoliotic patient as the result of the 
lateral curvature of the spine does not produce enough change in the calculated body 
surface area of that patient to cause significant changes in the vital-capacity quotient. 

3. Subjects with extensive respiratory-muscle paralysis and with a history of having 
been treated in respirators exhibited vital-capacity quotients significantly lower than 
those found in normal controis for their age and sex. 

4. There was no significant difference in the vital-capacity quotients between normal 
and non-scoliotic, non-respiratory poliomyelitic male and female subjects. 

5. There was no significant difference in the vital-capacity quotients between normal 
and poliomyelitic scoliotic subjects when the degree of deformity was slight or moderate. 
However, in severe scoliosis an appreciable reduction in vital-capacity quotients was 
observed. 

6. Non-poliomyelitic scoliotic subjects with either thoracolumbar, primary lumbar, 
primary thoracic, or primary double curve patterns with angular deformities of less than 
45 degrees were found to have vital-capacity quotients which were within normal limits. 
A significant reduction in vital capacity was found in subjects with the thoracic pattern 
when the angular deformity exceeded 45 degrees. 
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DISCUSSION 
CINEPLASTIC MuscLe Morors 
(Continued from page 611) 


control, not the strength, to translate the muscular action to the keyboard. A single muscle motor made in 
the forearm permitted us to translate that action into a hook and hand—hooks for action and a hand for 
appearance—to enable him to carry out the routine pursuits of life. Although the excursion of the muscle 
motor is rather small, his control is extraordinarily good. 

The hands and hooks given him are not of the conventional type; they are spring-operated with a toggle 
mechanism. Both hooks and hands can be interchangeably operated without a great deal of power or strength 
but with simple neuromuscular control. There are very few amputees, particularly arm amputees, who wish 
or expect to become pianists. This man had a great deal of emotional background, interest, and determina- 
tion; and, after being provided with the necessary devices, he was able to proceed with his piano playing. 


Co.. Aueust W. Sprrr.er (closing): I want to thank both of the discussors. I realize there are many 
other muscles that can be activated and cinetized for various controls. Representatives of International Busi- 
ness Machines have discussed with me the possibility of muscle motors to control the switches on their elec- 
tric arms. We have kept this program as simple as possible, realizing that the soldiers are going to be leaving 
us some day. I believe that at the present time they can be fitted and have their limbs fixed in any part of the 
country. I want to re-emphasize before this work is received with too much enthusiasm that “the team” has 
to be there before the tunnel is made—the patient, doctor, and limb fitter all have to know where the patient 
is going and what he will do. It has to be a continuous program. 
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RESULTS OF TREATMENT * 


BY JOSEPH S. BARR, M.D., BOSTON, MASSACHUSETTS 


LOW-BACK AND SCIATIC PAIN 


Pain — “a form of consciousness characterized 


by desire of escape or avoidance’”’. 


The conscious individual human being is in a large measure occupied by the pursuit 
of pleasure or the avoidance of pain. Philosophers, psychologists, physiologists, and 
physicians—ordinary and extraordinary—have contributed to our knowledge of the na- 
ture of pain. Much remains to be discovered, but it is well to review briefly some of the 
pertinent points concerning the origin and nature of pain in general, and of the special 
variety called low-back and sciatic pain, before discussing treatment. 

The form of consciousness known as low-back and sciatic pain is felt (projected or 


referred) by the patient in certain ill- 
defined anatomical portions of the 
back and lower extremity. The patient 
usually assumes that the pain actually 
resides in those areas and may refuse 
to believe that the perception of pain 
is a function of the higher cerebral cen- 
ters. The impulses which are inter- 
preted as painful are conducted by 
specialized unmyelinated, fine nerve 
fibers which have unencapsulated 
“free nerve endings”’ in the skin, deep 
somatic, and visceral structures. They 
are quite distinct from the nerves 
concerned with touch and tempera- 
ture. The neurons concerned with con- 
duction of pain, in common with other 
sensory neurons, have their cell nuclei 
in the dorsal root ganglia. Each sen- 
sory nerve root has a specific pattern 
of distribution to the skin and to the 
muscles, tendons, ligaments, joints, 
and viscera. Noxious stimuli applied 
to any of these structures will produce 
painful sensations. Pain sense is a 
protective mechanism, and its thresh- 
old is at the approximate level of 
threatened tissue damage. A painful 
stimulus applied to the skin is accu- 
rately and easily localized, but pain 
impulses arising in deeper somatic 
structures are poorly localized, poorly 
differentiated, and the sensation is 
often projected to uninvolved skin 


* Presented at the Fifth Congress of the International Society of Orthopaedic and Traumatic Surgery, 


Stockholm, Sweden, May 21, 1951. 
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TABLE I 
LuMBo-SACRAL PLExusS 
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Nerve 


Dorsal rami 
+ + Dorsal rami 
Dorsal rami 
Dorsal rami 
Dorsal rami 
Ventral ramus 


Femoral 

Femoral 

Obturator 

Obturator 

Obturator 

Ventral ramus 
Ventral ramus 
Superior gluteal 
Superior gluteal 
Superior gluteal 
Peroneal (deep) 
Peroneal (deep) 
Peroneal (deep) 
Peroneal (deep) 
Peroneal (deep) 
Peroneal (superficial) 
Peroneal (superficial) 
Tibial 

Tibial 

Medial plantar (tibial) 
Medial plantar (tibial) 
Medial plantar (tibial) 
Medial plantar (tibial) 
Inferior gluteal 

Sciatic (com. peroneal) 
Sciatic (tibial) 

Sciatic (tibial) 

Tibial 

Tibial 

Tibial 

Tibial 

Ventral ramus 

Ventral ramus 

Ventral ramus 

Tibial 

Lateral plantar (tibial) 
Lateral plantar 
Lateral plantar 
Lateral plantar 
Lateral plantar 
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Muscle 





Spinal Muscles 


Intertransversarii 
Longissimus 
Multifidus 
Rotatores 
Interspinales 


Quadratus lumborum 


Muscles of the Lower Extremities 


Tliacus 

Quadriceps femoris 
Adductor brevis 
Obturator externus 
Adductor magnus 
Quadratus femoris 
Gemellus inferior 
Glutaeus medius 
Glutaeus minimus 
Tensor fasciae latae 
Tibialis anterior 
Extensor hallucis longus 
Extensor digitorum longus 
Extensor digitorum brevis 
Peronaeus tertius 
Peronaeus longus 
Peronaeus brevis 
Plantaris 

Popliteus 

Lumbrical (first) 
Abductor hallucis 
Flexor hallucis brevis 
Flexor digitorum brevis 
Glutaeus maximus 
Biceps 

Semitendinosus 
Semimembranosus 
Flexor hallucis longus 
Flexor digitorum longus 
Soleus 

Tibialis posterior 
Obturator internus 
Gemellus superior 
Piriformis 
Gastrocnemius 
Adductor hallucis 
Abductor: digiti quinti 
Flexor digiti quinti brevis 
Quadratus plantae 
Interossei 


* Adapted from Favill’s Outline of the Spinal Nerves. Springfield, Illinois, Charles C. Thomas, 1946. 


areas supplied by the same nerve root. An accurate knowledge of the somatic and visceral 
distribution of each nerve root is invaluable in the diagnostic search for the origin of 


THE JOURNAL OF BONE AND JOINT SURGERY 








of 

se) 

bu 
hon 
in 





VOL 











- . 


— 





LOW-BACK AND SCIATIC PAIN 635 


painful stimuli. On entering the spinal cord, the “ pain fibers” from all tissues, somatic and 
visceral, pass to the opposite side of the cord through an intermediate synapse and ascend 
the cord in the lateral spinothalamic tract to the thalamus and cerebral cortex (Fig. 1). 
At thalamocortical levels integration, selection, and interpretation of nerve impulses 
produce that form of consciousness called pain. 

The major sensory components of the sciatic nerve arise from the first sacral and the 
fourth and fifth lumbar roots. They supply pain, touch, and temperature fibers to their 
respective skin areas (dermatomes) in a pattern familiar to all of us (Fig. 2). They supply 
fibers concerned with pain, position sense, and deep pressure to a large group of mus- 
cles and their tendons (Table I). They also send branches to the capsules and supporting 
ligaments of the small joints of the foot, the ankle, the knee, and the sacro-iliac joint. 
They also supply, via the recurrent nervus sinuvertebralis, the posterior joints and the 
annulus fibrosus of the lower lumbar intervertebral discs, and the adjacent intervertebral 
ligaments (interspinous, interlaminar, et cetera). It is of interest that these three nerve 
roots furnish few or no “pain fibers’”’ to the abdominal and pelvic viscera. 

Noxious stimuli applied to any of the structures mentioned above will excite ‘“ pain 
fibers’? which produce painful sensations. Table II lists some of the stimuli effective in 
producing pain sensation in various tissues. 

Direct stimulation of the nerve endings in somatic or visceral structures is only one 
of the pain-exciting mechanisms. Noxious stimuli applied to a nerve trunk produce a 
sensation of severe pain, not well localized, referred usually to areas distal to the lesion, 
but often extending proximally also. Pressure on the sciatic nerve—for example, sitting 
on a narrow board—produces tingling, numbness, and pain referred down the extremity 
in a very diffuse fashion. 

In a search for possible causes of sciatica, vulnerable areas in the lower extremity 
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should be carefully checked for nerve pressure,—such 
as the metatarsal-phalangeal joints of the foot (plantar 
digital neuroma), the region of the internal malleolus, 
the neck of the fibula (osteochondroma), the popliteal 
space (bursa or cyst), and the sacrosciatic notch (Fig. 
3). Proximal to this point, clinical examination of the 
nerve trunk and roots becomes impossible, except for 
a short segment palpable on rectal or vaginal exami- 
nation. In the pelvis, the lumbosacral plexus passes 
close to the anterior aspect of the sacro-iliac joint and 
may be irritated by an exudative or inflammatory 
process, such as tuberculosis or acute rheumatoid 
arthritis involving this joint. 

The fourth and fifth lumbar nerve roots enter the 
spinal canal through foramina which are narrowly 
circumscribed by the intervertebral disc and adjacent 
vertebral bodies, the articular facet, capsule, and the 
adjacent pedicles of the vertebrae. The first sacral 
root crosses the lateral aspect of the lumbosacral inter- 
space obliquely as it courses toward its sacral foramen 
lying between the fifth lumbar disc anteriorly and the 
facet posteriorly. 

Anatomical investigations have demonstrated 
that the dural sac enveloping the cauda equina is in- 
elastic and relatively fixed. The lower lumbar nerve 
roots as they emerge from the theca are covered by a 
prolongation of the dural sheath and have little mo- 
bility in the intraspinal portion of their course. When 
the knee is extended and the thigh is flexed (straight- 
leg-raising test), the lumbosacral roots, particularly 
the first sacral, are drawn distally and are put under 

Fig. 3 tension. This firmly fixes the root ventrally against 

the adjacent disc and allows no opportunity of its 

escaping pressure from a posterior disc protrusion. Articular facet changes due to injury, 
infection, or degenerative processes may also affect the adjacent nerve root. 

Spondylolisthesis and spondylolysis may produce root pressure and radiating pain 
through several distinct mechanisms: (a) Direct pressure on the posterior surface of the 
root may occur in the region of the defective articular facet; (b) a concomitant disc pro- 
trusion may cause root pressure on its anterior aspect; (c) the roots in some cases of 
spondylolisthesis may be stretched in their long axes. 

But clinical experience has shown that disc lesions far outnumber all other causes of 
low-back and sciatic pain. 

In its intradural course the nerve root may be involved by chronic arachnoiditis or 
by a tumor, such as a neurofibroma. In rare instances localized lesions of the conus medul- 
laris or the lateral spinothalamic tract may also give rise to low-back and sciatic symptoms. 

The painful afferent impulses from noxious stimuli give rise to reflex efferent impulses 
which are motor-stimulating; this may result in muscle spasm which stimulates the deep 
“pain fibers’’. So a vicious cycle of pain, muscle spasm, and increased pain is set up and 
the phenomenon of primary stimulation with reflex augmentation is established. 

At the cortico-thalamic level, all of the sensory impulses including those carried by 
“pain fibers’’ are received, integrated, and interpreted. Here we invade the fields of psy- 
chology and psychiatry and substitute for anatomical neurophysiology and pathological 
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TABLE II 


EFFECTIVE STIMULI FOR THE PRODUCTION OF PAIN SENSATION IN VARIOUS TISSUES 











Tissue 


Stimulus (approximating the amount which produces tissue damage) 





Skin 


Muscle 


Fascia and Tendon 


Mechanical—pin prick, pinch, crush 
Thermal—excessive heat or cold 
acid, ete. 





Chemical 
Electrical 


Mechanical—firm, massive pressure, sprain 
Ischaemia—cramp, spasm, anoxia 
Chemical—hypertonic saline 


Mechanical—pressure, sprain, strain 
Chemical—hypertonic saline, calcium deposit 


Ligament Mechanical—strain, sprain 
Chemical—hypertonic saline, calcium deposit 
Joint Mechanical—massive effusion (stretch) 
Chemical—gout 
Bone Periosteum—stretch, infection, tumor, osteoid osteoma 
Viscus Stretch 


Nerve trunk 


Mechanical—pinch, stretch, tumor 


Electrical 
Chemical 


terminology such concepts as types of consciousness, perception of sensation, and their re- 
pression or augmentation. We know that fear, anxiety, and preoccupation are potent in 
augmenting pain. Good physician-patient relationship allays fear and so decreases pain. 
The inept physician can multiply fears and may contribute to the production of an in- 
eradicable psychic overlay. The psychosomatic problems of low-back pain are fascinating 
and poorly understood. Neurosis, such as hysteria, and depression may translate loss of 
economic security into a powerful augmentation of the pain from a relatively trivial muscle 
strain. 

We must not lose sight of the fact that the irreducible unit of treatment. is the in- 
dividual and that we treat patients, not diseases. We, therefore, strive to know what kind 
of disease the patient has, and also what kind of patient has the disease. 

A formidable list of potential causes of low-back and sciatic pain can be drawn up 
(Table IIT). Modern concepts of disease suggest that there are multiple important factors 
in each individual case. Rarely should we be trapped into accepting the concept of a single 
“cause”? producing a circumscribed ‘“effect”’. That narrow viewpoint is the trademark 
of the cultist. For example, certain surgeons with fanatic ardor seem to believe that a pain- 
ful back and sciatica are synonymous with a protruded dise and that immediate surgical 
excision is the equivalent of cure. There are too many such cultists, and each has on his 
tally sheet a not inconsiderable number of therapeutic disasters which, with care, might 
have been avoided. Those who have studied the problem of low-back and sciatic pain 
recognize that dise lesions frequently produce root pressure and sciatic pain. The lesion 
may be traumatic in origin, representing normal displaced disc tissue, but much more 
frequently it is degenerated disc tissue which is displaced. Often degeneration plus trauma 
(acute or physiological) are coincident factors. The size of a particular dise lesion may vary, 
increasing because of additional protrusion or decreasing from a process of dehydration. 
A free fragment of protruded disc tissue may change its location by migration, thus occa- 
sionally relieving root pressure. 
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The local pathological condition of the affected nerve root is also subject to change. [ 
factors of inflammatory reaction are present in variable amounts and of variable | 


duration,—as oedema, blood-vessel engorgement, cellular infiltration, and intraneural or 
perineural fibrosis. Individual nerve fibers which have been affected by a disc lesion may 
recover completely, or they may undergo axonal degeneration with loss of ability to | 


respond to stimuli. 
TABLE III ' 
ETIOLOGICAL CLASSIFICATION OF CAUSES OF Low-Back AND Scratic Pain * } 
Systemic Disease: Muscle Spasm or Ischaemia from: i 
Small-pox prodrome Trauma, acute: 
Many fevers, acute Fracture (pedicles, spondylolisthesis) 
Typhoid Dislocation ' 
Tuberculosis Sprain (sacro-iliac) f 
Syphilis: Laceration } 
Pachymeningitis Wounds 
Tabes Disc compression or extrusion 
Gumma Coccygodynia from spasm of: 
Myositis Levator ani 
Neuritis Coceygeus 
Von Recklinghausen’s Piriformis 
Meningitis 
Trauma, Chronic, due to: 


Guillain-Barré 





Malignancy ; 
B . Obesity 


SR er oer 


Pregnancy 
Local Neoplasm Multiparity 
Uterus Occupation: 
Ovary Mail carriers 
Rectum Chauffeurs 
Prostate Miners 
Ixtramedullary Foot pronation 
Conus and cauda Contracted tensor fasciae latae } 
Neuroma Gluteal injections 


Loca 


* Adapted from Favill’s Outline of the Spinal Nerves. Springfield, Illinois, Charles C. Thomas, 1946. 


Vertebral, benign: 
Osteoma 
Osteochondroma 
Giant-cell 
Vertebral, malignant: 
Metastatic (from prostate, breast, etc.) 
Myeloma 


Congenital Deformity (Seldom the real cause, but in- 
creases susceptibility) 
Spina bifida 
Meningocele 
Sacralization of fifth lumbar 
Lumbarization of first sacral 


Primary osteogenic sarcoma Anomalous facets (spondylolisthesis) 


E\wing’s sarcoma Arthritis 

Hemangioma or glomus Atrophic or rheumatoid 
Periarticular 
Of small posterior joints 
Sacro-iliac 
Marie-Striimpell type (spondylitis 

ankylopoietica) 

Hypertrophic or osteo-arthritis 
Sacro-iliac (in aged) 
(Lipping, probably not a cause of pain) 

Gout 


l Inflammation, etc. 

Myelitis 

Hematomyelia 

Subarachnoid hemorrhage 
Arachnoiditis 

Epidural abscess 

Lipiodol residue 

Lumbar puncture 

Herpes zoster 

Salpingitis 

Prostatitis 

Retroperitoneal abscess 
Ligamentous relaxation due to pregnancy 
Hypertrophied ligamentum flavum 
Aneurysm of iliac artery 
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Low-back and sciatic pain is a most heterogeneous and complex subject. Many muscu- 
loskeletal structures, endowed with limited functional capacities, must meet the stress and 
strains of physical activities. There is a large and complex neural component anatomically 
in close approximation to vulnerable skeletal structures. In many instances, the combina- 
tion of low-back and sciatic pain suggests the presence of a combination of associated 
“causative”? factors. There may be local pain due to excessive stress on local somatic 
structures. The sciatica may be due to associate root pressure. When radiating pain is the 
dominant symptom, direct root or nerve involvement is usually present. The theory of 
reflex reference of pain need not be invoked as frequently today as it was before we were 
aware of disc lesions. 

The pathological processes involved are intricate and vary continuously. Each patient 
interprets, augments or diminishes, and reacts to the painful impulses initiated by them 
in his own individual fashion. 

The physician who refuses to make a ‘‘snap”’ diagnosis and who collects and interprets 
wisely all of the pertinent facts from history, physical examination, and laboratory tests 
will know his patient and will in many instances arrive at a satisfactory understanding of 
the problem. 

Selection of proper treatment requires an accuracy of knowledge which we must con- 
fess is still in many instances beyond our professional abilities. Trial and error, empiric 
and pragmatic methods are common practice, and must in fact continue in use till more 
scientific data are available. 


TREATMENT OF INTERVERTEBRAL-D1sc LESIONS 


In the remaining time at my disposal, I would like to comment on some aspects 
of the treatment of intervertebral-disc lesions. Unfortunately, there are as yet no clinical 
methods by which we can accurately determine the exact nature and extent of the patho- 
logical changes present in individuals with low-back and sciatic pain due to intervertebral- 
disc lesions. The most careful analysis of signs, symptoms, and laboratory findings in an 
individual case scarcely allows one to hazard a prognosis. Various authors have studied the 
prognosis in medically treated sciatica. Allowing for variations in selection of cases, meth- 
ods of treatment, and accuracy of evaluation, the results of various reported series are 
remarkably similar. Ytrehus reported 256 patients (60 per cent. males), representing 2 
per cent. of the admissions to a general hospital, who had severe sciatic pain with a positive 
Laségue’s sign. No more accurate diagnostic classification was attempted. Obviously disc 
lesions, spondylolisthesis, spondylitis deformans, and other diagnostic entities were in- 
cluded. Treatment consisted in complete bed rest, local heat, and sedation. The average 
hospital stay was thirty-seven days; on discharge, 47 per cent. of the patients were free 
of symptoms, and most of the others were improved. Two to eight years later, 220 (86 per 
cent.) of the patients were re-evaluated; of these 34 per cent. were at full work without 
symptoms, 37 per cent. were at full work but had symptoms, and 29 per cent. were at 
least partially disabled. Thirty per cent. had recurrences severe enough to require sick 
leave or re-hospitalization. Boysen’s results (431 cases) were in general similar to those of 
Ytrehus. She noted that after the age of forty-six relapse is rare. Colonna has carefully 
studied a group of patients who clinically and by myelogram had symptoms of an inter- 
vertebral-dise lesion. Following ‘‘conservative”’ treatment, 29 per cent. were found to be 
symptom-free at end-result study, while 71 per cent. had some residual disability, and 
57 per cent. were intermittently completely disabled. 

The size of the myelographic defect, if one is present, bears little relationship to the 
end result. We have noted instances of spontaneous recovery in which the myelographic 
defect has remained unchanged. Most observers agree that about 30 per cent. of patients 
with disc lesions will recover spontaneously from their first attack, and many of these will have 
no further symptoms for long periods of time. Those patients who have had two or more 
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recurrences are unlikely to have either prolonged or complete remissions and are faced 
with the choice between restriction of activities with partial invalidism and attempted 
relief by operative methods. 

We may conclude that the variability of the clinical course in patients with disc lesions 
makes an analysis of results of treatment extremely difficult, and our statements must be 
tentative. 


I. Conservative Treatment 
Here we recognize certain important factors: 

a. Time lapse: The pathological process must run its course, and miracle cures 
are not to be expected. 

b. Favorable influences: The low-back structures should be protected from 
strain and irritation by such measures as bed rest, possibly supplemented by braces, 
corsets, strapping, plaster casts, et cetera. Additional measures may include sedation, 
application of heat, removal of psychic overstimulation from pain and fear. Traction 
and manipulation are of doubtful value. 

c. Unfavorable influences: A large lesion causing severe root pressure, recurring 
trauma, excessive reflex muscle spasm, mechanical instability of the involved seg- 
ments of the vertebral column, an accelerated degenerative process (rapid aging) of 
dises, articular facets, and contiguous ligamentous structures are factors which may 
prolong symptoms or prevent recovery under conservative treatment. 

Ill-advised or improperly applied treatment, such as forcible manipulations or 
repeated nerve injections, may make the patient worse instead of better. Psychic 
trauma may also be inflicted by the physician who is inept. These may be called 


iatrogenic factors. 


II. Operative Treatment 

The greatest single advance in the treatment of sciatic pain has been the develop- 
ment of a simple, safe operative method of relieving nerve-root pressure by removing 
protruded disc tissue. Approximately 80 per cent. of patients with this syndrome are 
permanently relieved of acute pain and restored, at least partially, to satisfactory func- 
tional ability. Here is a therapeutic weapon of proved value, and it is our first thought 
when conservative measures fail to give satisfactory relief. Enthusiasm must be tempered 
with sound judgment, however, and it is wise to turn our attention to the problems and 
the potential dangers of operative treatment. 


Causes of Failure in the Operative Treatment of Disc Lesions 
1. Wrong diagnosis or incomplete diagnosis; 

Delay in treatment; 

Poor selection of cases; 

4. Surgical risks and complications; 

5. Poorly supervised after-care. 


2 
3. 


1. Wrong diagnosis needs little comment. Removal of an innocuous bit of dise tissue 
when there is present an intra-thecal neurofibroma will obviously fail to relieve symptoms. 
Myelography is of great value in arriving at an accurate diagnosis and we use it almost 
routinely. With proper technique, it is a relatively simple and safe procedure, of great 
localizing value, eliminating in many cases the need to explore two or more interspaces. 

It is not commonly recognized that removal of an unequivocal disc lesion will fail 
to relieve the symptoms of the patient who also has a major mental component in the 
form of deep-seated fear, anxiety, and guilt feelings. Unfortunately, some surgeons on 
recognizing the presence of a psychic deviation from the norm exclude such patients from 
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TABLE IV 
ComPaRISON OF Firry Disc Cases Fusep ANnp Firry Unrusep TreaTEep By ONE SurRGEON (Garceau) 














Result Combined Operation Excision Only 
Excellent 56 per cent. 64 per cent. 
Fair 26 per cent. 23 per cent. 


Poor 18 per cent. 13 per cent. 





Of 27 Cases with Proved Solid Fusion, the Results were: 


Excellent 20 74 per cent. 
Fair 6 22 per cent. 
Poor 1 4 per cent. 








the benefit of surgery. Recognition, frank discussion, and attempted correction of the 
psychic factors accompanied by properly-timed, adequate surgery will yield brilliant 
therapeutic results in many otherwise hopeless situations. 


2. Delay in treatment: A poor result can be expected if root pressure has been so pro- 
longed or severe that irreparable damage has been done. If there is root fibrosis and de- 
generation, with resultant motor weakness or paralysis and major sensory deficit, the 
changes will be irreversible and an unsatisfactory operative result is inevitable. 


3. Poor selection of cases: Patients with widespread, rapidly progressive, degenerative 
dise disease are poor operative subjects and are usually best treated by conservative 
measures. 

Patients with local mechanical changes—such as spondylolisthesis, spondylolysis, 
and subluxation of articular facets—may be relieved of their acute sciatic symtoms by disc 
excision, but continued pain and weakness of the back, unless corrected by stabilization 
of the affected segments, frequently lead to disappointing results. 


4. Risks and complications of surgical treatment: 

The mortality rate in disc surgery is very low (less than 1 per cent.). Adequate 
preoperative preparation, modern anaesthesia, replacement of blood loss, and sound 
surgical technique have reduced the operative mortality rate in good clinies to the van- 
ishing point. Pulmonary embolism occurring one to four weeks postoperatively is still a 
tragic possibility and accounts for most of the deaths. Its recognition and treatment are 
beyond the scope of this paper. 

Postoperative sepsis occurs rarely (in 4 per cent. or less in most reported series). 
Superficial sepsis may be of little importance, but deep-seated infection of the interverte- 
bral space is serious and leads to prolonged disability. The intervertebral disc is essentially 
avascular, and symptoms of disc-space infection may develop slowly, manifested by 
malaise, pyrexia, and painful spasm of the low-back musculature. The white blood count 
and the sedimentation rate are usually moderately elevated. The earliest changes seen by 
x-ray are localized atrophy of the adjacent vertebral bodies and loss of cortical bone detail. 
There is late narrowing or collapse of the disc space with peripheral deposition of new 
bone. This finally results in osseous fusion of the adjacent vertebrae. 

Treatment consists in general supportive measures, adequate chemotherapy (anti- 
biotics), and splinting of the back by bed rest and a cast, corset, or brace. The prognosis 
for eventual recovery is good, although the symptoms may persist for many weeks or 
months. Surgical drainage of the infection is technically difficult and in most instances 
seems to be unnecessary. 

Operative damage. The nerve roots in the spinal canal are shielded from visual 
inspection by a variety of structures, each with specialized function. The term “atrau- 
matic’’ can scarcely be properly applied to any surgical approach which allows exposure of 
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TABLE V 
INTERVERTEBRAL Disc LESIONS 
CoMPARATIVE ENpD-REsu.tt Stupy or 100 Casgs * 





Excision and Fusion Excision 

Male 38 33 
Female 12 17 
Average age 33 35 
Location of lesion 

Third lumbar 0 1 

Fourth lumbar 24 19 

Fifth lumbar 25 29 
Double lesion (Fourth and fifth lumbar) 1 1 
Side 

Right 20 21 

Left 30 28 

Bilateral 0 1 


Average period of pasithied (Years) 8.6 8.1 








*50 women = xe 8 with Fusion, \ Massachusetts General Hospital 1941-1946. 

a nerve root and the adjacent intervertebral disc. The elastic supraspinous, interspinous, 
and interlaminar ligaments are partially excised, later to be replaced by inelastic fibrous 
tissue. The small intervertebral joints are often opened, with sacrifice of part of their cap- 
sular ligaments and, not infrequently, in a careful search for a laterally placed disc protru- 
sion, the facets themselves are partially removed. Thus, the anatomical integrity and 
function of the involved segment of the spinal column is probably impaired to some extent 
in every exploration. The conscientious surgeon is, therefore, constantly balancing his de- 
sire to see as much as possible against his certain knowledge that multiple interspace ex- 
ploration, with replacement of normal structures by fibrous tissue, must decrease the 
functional capacity of the spine. 

Fortunately loss of motion of one or two segments of the lumbar spine is of little prac- 
tical significance and may result in no functional disability. However, local strain, in sta- 
bility, fibrosis, and hypertrophic change may, in some cases, produce symptoms of back 
pain and weakness sufficient to force the patient to limit his physical activities. We have 
noted certain patients with postoperative recurrent low-back and sciatic pain, who on 
re-exploration were found to have excessive fibrous-tissue reaction with extensive adhe- 
sions involving nerve roots, dura, interlaminar and articular structures,—a veritable 
“internal keloid”. This overproduction of scar tissue is usually seen in cases in which 
there had been partial or complete facetectomy during an extensive exploratory procedure 
at a previous operation. Perhaps this reaction represents nature’s spontaneous ineffi- 
cient attempt to stabilize the spine. Excision of the scar tissue, freeing of the nerve roots, 
and arthrodesis of the involved spinal segments has, in a few cases, resulted in permanent 
relief of symptoms. 

TABLE VI 


ComPaARATIVE Resuuts, EARLY PostoPERATIVE 





Excision and Fusion Excision 
Average Postoperative Hospital Stay (Days) 40 18 
Complications 
Wound Infection (Cases) 3 4 
Phlebothrombosis (Cases) 2 l 
Return to Full Activity (/onths) 7 4.3 
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Retraction of nerve roots during surgical exploration ordinarily causes no recognizable 
injury, but occasionally, even in skilled hands, sufficient damage occurs to produce 
motor weakness or paralysis with resultant foot-drop. The operative result in such cases, 
- even though pain is relieved, can scarcely be classed as satisfactory. 

Occasionally the operative result is unsatisfactory because the surgeon fails to com- 
pletely remove the displaced disc tissue, or he fails to recognize multiple lesions occurring 
at more than one spinal level. Undue emphasis had been placed by some authors on the 
frequency of this latter occurrence. Double disc lesions are found by some surgeons in 
20 per cent. of their cases. We suggest that they mistake anatomical variations, such as 
Schmorl’s nodules, for pathological processes. 


5. Neglect of proper medical supervision during the period of recovery from surgery 
undoubtedly helps to produce unsatisfactory results. Muscular weakness and postural 
defects should be corrected by a graduated, supervised program. Physical activities are 
increased systematically, but are kept within physiological limits of tolerance. Fears and 
phobias are recognized and dispelled with proper reassurance. 

If surgical excision of protruded disc tissue is reserved for those who have a dise 
lesion and also have severe intractable sciatic pain, gratifying results can be confidently 
expected. The severe sciatic pain will be relieved in over 90 per cent. of the cases. In 5 
to 10 per cent., the result will be classed as unsatisfactory and further surgery will be 
necessary for recurrent or unrelieved sciatic symptoms. 

The result of dise excision, so far as back pain is concerned, is much less satisfactory. 
At least 50 per cent. of the patients complain of backache or weakness of the back. Waris 
Fi noted in his operative series that the incidence of back pain was greater at end-result than 
it was before operation. A number of observers have commented on the fact that dise 


t Se a . ‘ é , 
excision is not a satisfactory method of treating back pain, and that the operation should 
be reserved for patients with intractable sciatica. 
co 
e Dise Degeneration and Instability of the Spine 
During the past thirty years certain American orthopaedic surgeons have recognized 
that lumbar backache is often due to strain or mechanical instability and, in selected 
k cases, have stabilized the spine by a fusion operation. Unquestionably some of these pa- 
e - —_ 
TABLE VU 
n , ’ 
Iinp-RESULT Stupy OF Sciatic SYMPTOMS 
e Excision-Fusion Excision 
h No. of Cases Per cent. No. of Cases Per cent. 
None 34 68 28 56 
I- Mild 14 28 21 12 
3; Moderate or Severe 2 4 I 2 
it ‘ 7a 
Satisfactory 96 98 
TABLE VIII 
INb-RESULT Stupy or Back SyMpToms 
E-xcision-Fusion Excision 
No. of Cases Per Cent. No. of Cases Per Cent. 

None 29 58 11 22 

Mild 11 22 21 12 

Moderate or Severe 10 20 18 36 
= Satisfactory 80 64 
Y 
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TABLE Ix 
ADDITIONAL OPERATIONS 
No. of Cases || No. of Cases 
A. Excision-Fusion Cases B. Excision Cases 
Re-explorations for disc recurrence 2 Re-exploration for disc recurrence 4 
Excellent 1 Excellent 0 
Unsatisfactory 1 Good 2 
Repair of pseudarthrosis 5 Unsatisfactory 2 
oxcellent 1 Fusion for back symptoms 5 
Good 2 Excellent 2 
Unsatisfactory 2 Good 2 
Unsatisfactory 1 
Total 7 Total 9 





tients had an unrecognized, unremoved disc protrusion, and the operation failed to give 
relief. Nevertheless, spine fusion for the relief of ‘‘mechanical low-back pain”’ is a thera- 
peutic method of proved value. Friberg, Hirsch, and others have made valuable contribu- 
tions to our knowledge of the role of dise degeneration in the production of low-back 
pain. Dise degeneration occurs frequently; apparently it is an example of the normal 
aging process in collagen-bearing tissues. Loss of elasticity of the dise may be accompanied 
by dise narrowing, local vertebral hypertrophic change, subluxation of articular facets, 
retroposition of the superior vertebra, and abnormal mobility as demonstrated in bending 
films. Although in many cases disc degeneration is asymptomatic, in others it plays an 
undoubted etiological role in the production of back pain. In such cases, spine fusion of 
the involved vertebral segments is often successful in alleviating symptoms. It is a matter 
of common knowledge that in general a fused joint is a painless joint. Wahren, for in- 
stance, in a study of seventy-one patients who were incapacitated by low-back pain, due 
to disc degeneration without evidence of nerve-root pressure, reported 60 per cent. excel- 
lent or good results, and 40 per cent. fair or poor results following spine fusion. 


Dise Excision and Spine Fusion 

Although the operation of disc excision for sciatic pain has been practised in some clinics 
for almost twenty years, and has been universally accepted as a valuable therapeutic 
procedure for ten years, there is as yet no unequivocal answer to the question as to whether 
or not fusion should accompany disc excision. 

In the United States, Caldwell, Spurling, and others are strong advocates of simple ex- 
cision and recognize no indications for or benefits derived from the combined operation 
of excision-fusion. Caldwell and Sheppard conclude: “There are no criteria for spine fu- 
sion following removal of a protruded nucleus pulposus”’. 

In other clinics the combined operation is performed in selected cases. At the Mayo 
Clinic, excision only was originally advocated by Love. A later report from that Clinic by 
Young and Walsh indicated that the combined operation had risen in popularity and in 
1943-1944 was performed in 28 per cent. of the patients operated upon for disc lesions. 
Although they made no accurate statistical comparison, their figures suggested that the 


results of the combined operation were somewhat better than the results of disc excision 


only. 

Garceau, reporting the comparative results in fifty cases with the combined operation 
and fifty cases with excision only, noted no statistical difference in the end results. It will 
be seen, however (Table IV), that his results in cases with solid fusion demonstrated by 
x-ray were superior to those with excision only. 

At the Massachusetts General Hospital the combined operation of dise excision and 
spine fusion has been performed on selected cases since our first recognition of the disc 
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TABLE X 


RESULT OF ORIGINAL OPERATION 











Excision-Fusion Excision 
No. of Cases Per cent. No. of Cases Per cent. 
Excellent 25 50 9 18 
Good 12 24 17 34 
Unsatisfactory 13 26 24 48 


Satisfactory 74 52 
Excellent = no back or sciatic symptoms and no restriction of activities since original 
operation. 
Good = minor back or sciatic symptoms, slight restriction of activities. 
Unsatisfactory = (a) moderate or severe back or sciatic symptoms, marked restric- 
tion of activities. 
(b) re-operation for any reason, 





syndrome nineteen years ago. About 30 to 40 per cent. of our disc cases have had the 
combined operation. Our Staff has been aware of the potential benefits to be derived from 
this operation, but we have also recognized its technical difficulties. 

Two previous statistical studies (1941, 1947)** of the comparative results of dise 
excision and excision-fusion have been reported from our Hospital. In both of them the 
combined operation appeared to be somewhat superior. 

Recently, a third series of our cases has been studied and is reported herewith 
(Tables V, VI, VII, VIII, IX, X). 

CASE MATERIAL AND COLLECTION OF DATA 

All records from the public and private wards of the Massachusetts General Hospital 
of patients operated upon for an intervertebral-disc lesion of the lumbar spine between 
January 1941 and January 1946 were reviewed. This group included 495 cases, of which 
166 (33 per cent.) had the combined excision-fusion operation and 329 (67 per cent.) 
had excision only. 


Mortality 
There were three deaths, all in the excision-fusion group, attributed to the operative 
procedure. This is an operative mortality rate of 0.6 per cent. 


End-Result Study 

The end-result study was limited to cases in which: 

a. The original operation was performed between January 1, 1941, and January 1, 

1946. 

b. The operative note described an unequivocal protruded lumbar-disc lesion 
with evidence of pressure on one or more nerve roots. 

c. At the time of operation the patient’s age was between sixteen and forty-five 
inclusive. 

Excluding those known to have died since operation, there were 346 patients to whom 
letters were sent, asking them to report for interview and examination to determine the 
result of treatment. Approximately 40 per cent. of the patients have reported and have 
been examined by a physician who is not a member of the Hospital Staff. Fifty consecu- 
tive records of patients who had simple dise excision were compared with a similar num- 
ber having the combined operation of excision-fusion. It will be noted (Table V) that 
there were more males in the group who had the fusion operation than in the group who 
had only excision, but that otherwise the two series were very similar. As the average time 
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since operation was over eight years and the minimum time was five years, this may be 
considered a long-term follow-up report. 
Selection of Cases 

Many surgeons, all members of the House and Visiting Staffs of the Neurosurgical and 
Orthopaedic Services, participated in the management of these cases. A few of those who 
had the excision-fusion were operated upon by a member of the Orthopaedic Service 
alone, but most of these patients had a “‘two-team operation’’, the disc excision being 
done by the neurosurgeon and the fusion by the orthopaedic surgeon. With an occasional 
exception, the patients who had excision only were operated upon by one of the neuro- 
surgeons. 

In general, our Staff maintains a conservative attitude toward dise surgery, reserving 
it for those patients whose symptoms have failed to subside under conservative treatment 
or who have evidence of severe root pressure, or who have had several recurrences. We 
prefer to operate during an acute attack. 

The operative technique of the exposure of the lesion and its removal has changed 
little in the past ten years, and it is safe to assume that the results in the excision group 
are not influenced by variations in operative technique. A variety of techniques has 
been used for fusion. In general, an osseous bed was prepared by some modification of the 
Hibbs technique and supplementary bone was used in the form of iliac or tibial grafts. 
The H or clothespin graft (described by Bosworth) was not used in this series. The pa- 
tients with excision-fusion averaged forty days’ hospital stay following operation; the 
patients with excision only averaged eighteen days in the hospital after operation. 


Complications 


There was little difference in the two series of cases in this regard. Wound infection 
or phlebothrombosis occurred in five patients in each series. 
Return to Work 

In general, the patients who had had fusion were permitted to do heavy work six 
months after operation, while in the non-fusion cases full activity was resumed somewhat 
sarlier, either on medical advice or of their own volition. 
Relief of Sciatic Pain 

This study confirms numerous previously reported observations on the efficacy of 
dise excision for the relief of severe intractable sciatic pain. End results showed that 97 
per cent. of the patients were satisfactorily relieved of their sciatic pain. Paraesthesias 
(numbness or tingling) and muscle cramps were noted by some of the patients, but only 
3 per cent. had symptoms of any severity referable to the lower extremity. There was no 
significant difference between the fused and unfused cases (Table VII). 
Relief of Back Pain 

At end-result examination, 58 per cent. of the patients with fusion and 22 per cent. 
of the patients without fusion denied having any back symptoms. Adding the patients 
with minor complaints to those with no symptoms, we find that 80 per cent. of the patients 
with fusion and 64 per cent. of the patients without fusion were essentially free of back 
symptoms (Table VIII). 


Additional Operations (Table IX) 


Two patients in the fusion group had been re-explored for a recurrent dise lesion. 
There were four re-explorations in the excision group. 

Five patients who had had excision only, with disabling back symptoms, had under- 
gone re-operation (fusion) for the relief of their symptoms; the operation successfully 
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e relieved their disability in four of the five cases. Several additional patients in the excision 
series were considering having a fusion operation; others, although partially disabled, 
were unwilling to undergo further surgical measures. 

Five of the patients who had had excision-fusion had undergone operations for repair 

d of pseudarthrosis, with an excellent result in one, a good result in two, and a poor result in 

0 } two. The incidence of pseudarthrosis was not accurately determined, as all patients were 


e€ | not subjected to roentgenographic examination with bending films; but we know that it 

g | was present in over 20 per cent. of the cases in which fusion was attempted. There were 

=f instances of completely satisfactory clinical results in the presence of a known pseudarthro- 

“ | sis, and, conversely, there were clinical failures when the fusion area was demonstrably 
solid. 





g | The aim of operative treatment is to restore as many patients as possible to normal 
it life. In Table X, an attempt is made to evaluate the result of the original operation in 
e terms of success or failure in relieving sciatic symptoms and restoring normal back func- 
| tion. All cases requiring additional surgery (exploration, fusion, et cetera) after the origi- 
d nal operation were classified as failures. Using these criteria, it was found that 74 per cent. 
p of the combined operation cases were successful as compared with 52 per cent. of the ex- 
S$ | cision cases. 
P og 
‘ie DISCUSSION 
- The question of whether or not disc excision should be accompanied by fusion cannot 
€ be answered by an unequivocal “yes”’ or ‘‘no’’. The more cogent arguments pro and con 
may be summarized as follows. 
Those who favor simple dise excision argue that the patients are usually operated 
upon for severe sciatic pain. The relatively simple excision operation relieves this symptom 
n | in 90 per cent. or more of the cases, and the few patients requiring re-exploration often 
have a second disc lesion. They note that most of the patients have been returned to their 
original occupation and that the result may be classified as good or excellent in 60 per 
. cent. or more of properly performed disc excisions. An occasional poor result may be due 
, } to mechanical instability of the spine, but it is impossible to recognize preoperatively or 


at the operating table the indications for fusion. It is, therefore, wiser to subject a few 
patients to a fusion operation at a later date than to subject many patients to a needlessly 
+ complicated original operation, with its attendant risks and prolonged after-care. 

f Those who favor the combined excision-fusion operation argue that a protruded disc, 





7 traumatic or degenerative, means loss of its normal elasticity, narrowing of the disc space, 
‘ and articular facet changes, and that the involved segment can never be restored to 
3 anatomical or functional integrity. It is, therefore, better to stabilize it by fusion than to 
‘ take the risk of an unsatisfactory result due to pain and limitation of physical activity. 
They point out that the additional operating time required to do the fusion is ordinarily 
less than forty-five minutes. The additional period of recumbency required of patients 
with the combined operation has been reduced to about ten days. Forty-five minutes of 
the surgeon’s time and two weeks of the patient’s time are a modest investment from 

s | which the patient may derive life-long benefit. 
Although indubitable statistical proof of the superiority of the combined fusion- 
kc excision operation is not yet available, there is strong evidence to support this view. 
Having made that statement, let us qualify it as follows. There is some additional oper- 





erative risk in adding fusion to dise excision, and it should be omitted in cases with cardiac 
: or other complications. A patient about to undergo disc excision should be told that his 
. sciatic pain will almost certainly be relieved, but that he may suffer from chronic or recur- 
rent back symptoms. He and the surgeon may then choose the relatively simple operation 
- — of excision, knowing that a later fusion may be necessary, or they may elect to undertake 
y the combined operation of excision-fusion. 
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There is an obvious need for better techniques of fusion; the incidence of pseudarthro- 
sis is much too high. However, although the difficulties and problems of the combined 
operation are fully recognized, it seems to give final results superior to simple excision. 

In conclusion, let me again stress the fact that the low back is an extraordinarily com- 
plicated mechanism and that its anatomy, physiology, and pathology are still imper- 
fectly understood. There is a great variety of etiological possibilities to consider when a 
patient presents himself with the complaint of low-back and sciatic pain. There is no sub- 
stitute for painstaking evaluation of the individual problem. The surgical procedures of 
exploration and disc excision will relieve intractable sciatic pain due to dise protrusion in 
dramatic fashion. Low-back pain, however, is rarely relieved by disc surgery, and there 
is evidence that the operative trauma of exploration may occasionally damage spine 
function. Arthrodesis of weak or painful articulations is a well-tried and proved method 
of relief. It has a useful field in spine surgery, both as an adjunct to disc excision and as 
an independent procedure. 

There is a world-wide interest in the problems of low-back disability, and we may 
confidently expect that better surgical techniques and, most important of all, broader, 
sounder concepts of the normal and abnormal physiology of the lumbosacral spine will 
reward the efforts of the adequately trained, intellectually curious physician. 

Nove: Dr. James Simpson, working under the direction of the Research Committee of The American 


Orthopaedic Association on a comprehensive study of the operative treatment of lumbar-disc lesions, col- 
lected the end-result data herein reported. His assistance is gratefully acknowledged. 
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DISCUSSION 
ANALYSIS OF SucTION-SocKET WEARERS 
(Continued from page 627) 


faintly perceptible ischial weight-bearing shelf. I believe that, considering the individual variations of the 
anatomy of the ischial tuberosity, no standardization should be attempted and that greater attention must 
be paid to the situation of the muscles, especially of the glutaeus maximus, the hamstrings, and the posterior 
portion of the adductor magnus. It would be better to adopt the term “ischial support”’ in place of the mis- 
leading term “seat.”, for there is continually moving action during gait, and at no phase of the cycle is there 
a stationary moment of “‘sitting’’. 

‘As regards the accessory belt, which is widely used in Germany under the name of Silesian bandage, I 
believe as do members of my staff, that in difficult cases, such as patients with short stumps or poor muscle 
strength, this type of soft belt helps to make for the successful use of the suction socket. The more expressive 
term “trochanter belt” should be applied, as it does not completely encircle the pelvis, but passes from the 
region of the greater trochanter across the posterior pelvis in a spiral descent to the anterior projection of 
the lesser trochanter. 

At the New York Regional Office of the Veterans Administration we have combined the suction-socket 
seal with the conventional trochanter, joint, and pelvic belt for three patients with less than four inches of 
femur, who had had poor success with the conventional prosthesis. The seal eliminated the piston action and 
the pressure of one and one-half pounds added to the harnessing of the prosthesis. 

At the New York Regional Office of the Veterans Administration, we have adopted the suction-socket 
type without seal for the conventional prosthesis which has helped to prevent the adductor roll so common 
in the ordinary conventional prosthesis. 

I enjoyed Dr. Mazet’s presentation and hope that, with increasing experience and research, every fol- 
lowing report will show steadily improving results. 


Dr. Cuar.es O. Becutrot, OAKLAND, CALIFORNIA: The authors are to be congratulated upon their 
well organized presentation. 

There are several points which might well be re-emphasized: (1) No one socket shape or type of valve 
will be suitable for all amputees. (2) The commonest causes of failure are difficulty in fitting and inability of 
the patient to return frequently to the limb shop for fitting. (3) The commonest cause for fitting difficulty is 
flabby stump muscles. To test the state of the stump muscles, the amputee is asked to tense the muscles 
while the examiner grasps the stump with both hands and rotates the stump to each side. More than 20 to 30 
per cent. of rotation will indicate that there will be difficulty in fitting. (4) Stumps in which the muscles are 
not adherent to the bone end are difficult to fit. Such stumps, when tensed, show a marked upward movement 

(Continued on page 782) 
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OSTEOPERIOSTEAL RIBBON GRAFTS IN UNDISPLACED, 
UNUNITED FRACTURES OF THE TIBIA 


BY IRVINE M. FLINN, JR., M.D., WILMINGTON, DELAWARE 


In 1947, Phemister reported a series of cases of non-union in undisplaced fractures 
of the long bones which had been treated with osteoperiosteal grafts. These were essen- 
tially full-thickness solid bone grafts with periosteum attached. Bone repair was uni- 
formly good. 

Figures 1-A, 1-B, and 1-C show a case of an osteotomy of the tibia, performed for 
malunion and possibly incomplete union in which a ribbon graft was laid over the os- 
teotomy site. This was done after the method of Moore and disclosed to the author's 
satisfaction that osteoperiosteal ribbon grafts could be trusted to unite and to form bone. 

TECHNIQUE 

In this paper, the use of osteoperiosteal ribbon grafts has been limited to cases of non- 
union of the tibia in relatively undisplaced fractures. 

To obtain the ribbon graft, the periosteum is incised on both sides along the length 
of the graft to be taken. Small chips are raised by means of a chisel underneath the incised 
periosteum so that the graft itself is reasonably flexible, and the chips are attached indi- 
vidually to the strip of periosteum. In non-infected cases, the grafts may be obtained either 
from above or from below the fracture site; this avoids the necessity of an incision in the 
other leg. 

The operative technique is quite simple: A semicircular incision is made to expose 
the crest of the tibia. When the crest has been exposed, care must be taken to leave the 
periosteum undisturbed. An incision is then made through the periosteum, preferably 
on the lateral aspect of the tibia. The periosteura, together with the muscles attached to 
it, is elevated from the lateral side of the tibia, above and below the fracture site. If a 
spur is present at the site of the non-union, it is removed, since its removal will allow 
the graft to be placed more closely against the fragments. Except for this, the fracture 
site is left entirely alone. 

The graft is then cut, as previously described, and placed along the cuter aspect 
of the tibia beneath the retracted periosteum. The bone side of the graft is placed against 
the fracture fragments; periosteum is placed against periosteum. The periosteum and the 
muscles attached to it, which had previously been elevated, are then sutured over the 
graft. Since no fixation of the graft is necessary, closure is completed at once. A cast is 
applied and allowed to remain in position for three months; however, if there is slight mal- 
position, the cast may be wedged after two or three weeks to improve alignment. Three 
months after the procedure, the cast is removed, roentgenograms are made, and usually 
another cast is applied. Six months after the operation, the cast is again removed; at this 
time there should be clinical union and beginning definite union as shown by roentgeno- 
grams. Weight-bearing is begun. 


CASE REPORTS 


Case 1. W. K., a white male, aged seventy-two years, was admitted to the hospital on November 8, 
1946, with head injuries and a comminuted fracture at the junction of the upper and middle thirds of the 
right tibia and fibula. After the reduction of the fracture, the patient was discharged in a cast—only to be 
readmitted to the hospital on February 24, 1947, five months after the fracture, with non-union. At opera- 
tion, an osteoperiosteal graft was taken from the lower part of the tibia and applied to the fracture site 
(Fig. 2-A). The cast was removed four months after the procedure, and the patient was allowed to walk 
with crutches. Nine months after the procedure, the patient was walking without support (Fig. 2-B); but, 
since he had had arthritis of the right knee, the actual time of weight-bearing was difficult to evaluate. 
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Fig. 2-A Fig. 2-B 
Fig. 2-A: W. K. March 3, 1947. Roentgenograms made immediately after the operation, showing 
the graft in place. 
Fig. 2-B: December 3, 1947. Complete union of the fracture is shown nine months after the operation. 
Note bar of bone in position of graft. 


CasE 2. G. Y., a white male, aged seventy-seven years, was admitted to the hospital on December 1, 
1946, with a comrainuted fracture of the middle third of the right tibia and a simple fracture of the fibula 
at the same level. After failure of reduction by means of casts and wedging, he was treated with external 
skeletal fixation with a Stader splint. This was removed in two months’ time when there was evidence of 
distraction; the fibula had united, holding the tibial fragments apart. After nine months with non-union 
the patient was readmitted on September 4, 1947. An osteoperiosteal graft was applied to the lateral surface 
of the tibia at operation on September 19, 1947 (Figs. 3-A and 3-B). Inasmuch as the fibula was felt to have 
held the fragments apart, it was osteotomized at the same time. There was some postoperative infection 
which was controlled by penicillin. In six months’ time, the patient was walking without support. 


It should be noted that in this case the fragments of the graft were very small and 
that the coalescence of these occurred quite rapidly. It would seem, from this, that 
the smaller are the fragments, the more rapid is bone production from the graft. 


Case 3. G. K., a white male, aged fifty years, was admitted to the hospital on December 17, 1947 with 
a compound comminuted fracture of the right tibia and a compound fracture of the right fibula. An in- 
adequate plate was applied but was removed six weeks later because of infection about the screws. The 
patient was readmitted five months later with non-union of both fractures. Because of the infection in 
the right tibia, it was necessary, at operation, to take the osteoperiosteal graft from the left tibia. The 
roentgenograms and history of this case revealed more and quicker bone repair than occurred in previous 
cases. 

The patient was walking in his cast long before it was removed six and one-half months after operation; 
but, because he was a chronic alcoholic, he was given a brace for added protection after the cast was removed. 


In this case, the fragments of the graft were much larger than in the previous case. 
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Fig. 4-B 


Fig. 4-A: J. A. May 17, 1948. Non- 
union present ten months after the 
injury. 

Fig. 4-B: July 14, 1948. Roentgeno- 
grams taken immediately after the opera- 
tion, showing the graft on the outer aspect 
of the tibia. The graft extends only a 
short distance below the fracture site. The cast was wedged to improve alignment. 











Fic. 4-A 


At three months, however, the coalescence of this graft was almost as complete as the 
other had been, and union had been stimulated at the fracture site in the same way. 
Despite the fact that the upper portion of the graft had failed to unite to the shaft, the 
fracture united successfully. 


Case 4. J. A., a white male, aged sixty-one years, was admitted to the hospital on August 1, 1947, with 
a compound comminuted fracture of the middle third of the right tibia. The wound was closed and a cast 
applied. Later, a Stader splint was used. On August 21, 1947, a slight distraction was noted in the roent- 
genograms; however, he was discharged in a splint in six weeks’ time. There was still non-union after ten 
months (Fig. 4-A). The patient was readmitted to the hospital on June 17, 1948. At operation, an osteoperio- 
steal graft was inserted (Fig. 4-B). Five months afterward the cast was removed and full weight-bearing 
was begun, even though he still had some pain in the region of the old pin wounds. 


In this patient, the coalescence of the graft occurred throughout, except for one area 
just lateral to the fracture line (Fig. 4-C). This line can be seen in all roentgenograms 
made after the operation but the last (Fig. 4-D). The graft had been placed in such a way 
that only a small portion of it extended below the fracture level, and it appears that there 
may have been a non-union in the graft. The fracture itself united without difficulty. 


Case 5. L. MeN., a white male, aged twenty-four years, had been operated upon elsewhere previously 
for débridement of a compound fracture. He was admitted to the hospital with frank non-union of a fracture 
of the tibia and was operated upon October 7, 1947, Six weeks after the operation the cast was changed. 

toentgenograms, made at that time, showed incomplete coalescence of the osteoperiosteal graft. Four 
months after the operation, roentgenograms pictured the graft still not united, clinically. When the cast 
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Fig. 4-C Fic. 4-D 

Fig. 4-C: October 27, 1948. Four months after the procedure, further coalescence of the graft is 

shown, with a definite interruption of continuity. The union of the fracture has become more firm. 

Fig. 4-D: January 26, 1949. Seven months after the operation, there is solid union. 
was changed again, two months later, roentgenograms showed union to be still incomplete. The patient 
was, however, walking at this time, apparently without pain or discomfort. 

He had been lost sight of for six months when he returned with a definite failure of union (Fig. 5-A). 
The roentgenograms revealed the old non-union through the graft as well as through the tibial fragments. 
The graft itself extended only a little below the fracture site, and around it there was extensive callus for- 
mation. At operation, a new graft was applied, extending well below and well above the fracture site; the 
graft was sutured to the periosteum to prevent it from slipping (Fig. 5-B). Five months after this procedure, 
roentgenograms not only showed the union of the graft but also definite beginning union of the fragments 
(Fig. 5-C). Clinically, the fracture was solid, and the patient could walk without support. 

In Case 4, there had been an apparent lack of union in the graft in line with the frac- 
ture, the graft barely covering the fracture site; union did, however, occur. The same thing 
happened in Case 5, but in this patient non-union resulted. The failure is due to two 
factors: First there was an error in technique in placing the graft too high on the fracture; 
second, the patient was not in our care for a period of time when he should have been under 
close observation. It might have been that bony union would have resulted if another 
‘ast or brace had been used to prevent strain. 


Case 6. N. T., a white diabetic female, aged forty-eight years, was admitted to the hospital with frank 
non-union of a fracture at the junction of the lower and middle thirds of the tibia. The injury had occurred 
six months previously. Roentgenograms showed the beginning of callus formation in a band laterally, but 
there was no sign of union medially, There was also motion at the fracture site. At operation, to stimulate 
union, :in osteoperiosteal graft from the tibia above the fracture site was placed diagonally across the medial 
aspect of the fracture which was not otherwise disturbed. Following the operation, the skin sloughed medially 
and was very slow to heal, although the diabetes was kept under control. The patient was walking in three 
and one-half months without support. The roentgenograms show the coalescence of the graft and a filling in 
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of the defect of the tibia at the site of the fracture (Figs. 6-B and 6-C). The ulcer, however, did not completely 
heal for seven months. Perhaps, as in Case 1, this was a case of delayed union rather than non-union, and as 
in Case 1, union occurred early after insertion of the graft. 

Case 7. E. H., aged forty-four years, was admitted to the hospital with a high fracture of the tibia which, 
because of repeated manipulation, had not united. After three and one-half months there was no evidence 
of union. At operation, osteoperiosteal grafts were placed medially and laterally at the site of the fracture. 
It took a surprisingly long time for this fracture to unite following the operation,—seven and one-half months, 


Case 8. J. F., a colored male with syphilis, aged seventy, had sustained a compound comminuted 
fracture of the tibia at the junction of the lower and middle thirds. A frank non-union resulted, with purulent 
drainage. The penicillin given for his syphilis did not clear up the infection. At operation, an osteoperiosteal 
graft was applied to the fracture away from the drainage tract. Penicillin was again given, and, this time, all 
wounds healed in two months. At the fracture site, there was only springy motion. He was walking in 
six months without support. 

CONCLUSIONS 

The exact mechanism by which the ribbon graft stimulates union is not known. In 
all cases, the fragments of the graft began to show coalescence before there was a real 
attachment of the graft to the tibia itself. During the*preliminary stages, union began 
to appear between the fragments of the tibia; at three months the graft had coalesced 
and had begun to unite with the tibia. In Case 4 and Case 6, union had been sufficiently 
stimulated by this time, so that clinically there was no motion and the patient could walk 
without support. It would seem, therefore, that the graft initially stimulates callus for- 
mation in the fracture region locally and that the bone-forming elements there begin to 
assume their proper functions. After three months, coalescence of the graft occurs, at 
which time it may serve as a strut, allowing the rest of the fracture to unite. 

Regardless of the mechanism, there are several highly desirable features of this type of 
graft. Avoidance of the fracture site, except for creating a suitable bed in which to place 
the graft, means but a minimum of disturbance of the blood supply to that region. Minor 
operative trauma and early coalescence of the graft make this also a helpful adjunct in 
the treatment of delayed union. Because of the relatively short operative time and the 
simplicity of the procedure, it can be used in patients of all age groups. 

Union occurred in all of these cases except Case 5. It was necessary to repeat the 
procedure in this single failure, and successful union resulted. An analysis of this failure 
revealed that the graft did not span the fracture line sufficiently. This error in technique 
also occurred in Case 4, but union occurred in that patient despite the error. 

From a consideration of the cases reported, the following observations seem true: 

1. Osteoperiosteal grafts of the ribbon type coalesce and unite to the shaft in ap- 
proximately three months’ time. 

2. By their presence, union is stimulated within the fracture. In six months’ time, 
there is a solid bar of bone across the fracture and union of the fracture has progressed 
sufficiently far so that weight-bearing without support is begun. 

3. Infection is no contra-indication, when the graft is placed in a non-involved area. 
Union will occur in the same manner as in non-infected cases. 

4. The smaller the chips in the ribbon graft, the quicker the graft itself unites solidly 
into a bar of bone. 

5. Non-fixation of the graft is important, but proper placing of the graft is essential. 
It must lie well above and below the fracture site. One graft placed so that it extended 
insufficiently below the fracture site resulted first in partial union, and later in non-union. 
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ONE HUNDRED FRACTURES OF THE FEMUR TREATED BY MEANS OF THE 
DIAMOND-SHAPED MEDULLARY NAIL *} 


BY DANA M. STREET, M.D., MEMPHIS, TENNESSEE 


From the Orthopaedic Section, Veterans Administration Medical Teaching Group, 
Kennedy Hospital, Memphis 


HISTORY 

The principle of medullary fixation in fractures of the long bones was evolved during 

the present century. Its earliest use appears to have been in 1907 by Lambotte, who em- 
ployed screws in fractures of the clavicle and in subtrochanteric fractures of the femur. 
Intramedullary ivory or bone pegs were employed following the work of Kénig in 1913. 




















Fia. 1-A Fig. 1-B 


_ Roentgenograms from two cases of Hey Groves, showing tubular and solid nail. (Reproduced 
from The British Journal of Surgery 6: 203-247, 1918, by permission of John Wright & Sons.) 


In 1918, Hey Groves reported three cases of fracture in the proximal third of the femur, 
in which he used medullary nails of three different patterns. The first, a perforated steel 


_ * Reviewed in the Veterans Administration and published with the approval of the Chief Medical 
Director. The statements and conclusions published by the author are a result of his own study and do 
not necessarily reflect the opinion or policy of the Veterans Administration. 

_ _t Presented at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New York, 
N. Y., February 13, 1950. Revised manuscript received for publication February 2, 1951. Illustrations re- 
ceived April 16, 1951. 
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tube, and the second, a steel rod of cross-shaped section, are shown in Figures 1-A and 
1-B. The third was a solid rod, presumably round. Since his cases were of gunshot frac- 
tures, his problem was chiefly one of infection, and he thought the solid rod best because 
of ‘‘an avoidance of hollows or crevices which form dead spaces’’. Although the nails 
spanned the medullary canal, they were somewhat short, extending only several inches 
into the distal fragment. He inserted them retrograde, by a method essentially the same 
as that used today. 
According to Soeur, medullary Kirschner wires were used by Danis in 1935 and also 
by Joly in Belgium for fractures of the forearm and for the metatarsals and other small 
bones. Lambrinudi, in 1940, reported on 


RUSH KUNTSCHER KUNTSCHER HANSEN using wires in the forearm and multiple 
aX My a9 omer. 
tC : | wires in the femur. In the same year 


Murray reported on using wires in the 
clavicle, and in 1944 Dickson reported 
the use of wires in the forearm. Mul- 
tiple wires were also used in the femur 









































1 L | | by Wheeler in 1947. 

S V @) > ; Steinmann pins inserted in the 
- ind pA ae axis of the ulna and of the femur were 
reported by L. V. Rush in 1937 and 
1939. He has since modified the ends of 
the pin to a hook and sled-runner point 
and has designed nails of different sizes 

for use in other bones. (Fig. 2). 
y, VU J VU Until the publication of Kiintsch- 
Fic. 2 er’s work in 1940, these remained iso- 
Types of nail in common use at the present time. lated instances of medullary nailing. 


Following Kiintscher’s report the tech- 
nique began to be widely used and was adopted throughout Europe under the impetus 
of war surgery. In Kiintscher’s method, the nail not only spans the canal but extends 
through a major portion of its length. The fixation thus obtained is so solid that a cast 
or other external fixation is not necessary and early ambulation is possible, so that joint 
motion and muscle power can be maintained. Bone contact is also assured since the frag- 
ments can slide on the nail. 

Kiintscher’s nail has been modified from a V-shaped design to one with a clover-leaf 
shape in cross-section which is stronger and follows a guide pin better. The V-shape is 
preferred by Romney in Cuba, Briiner in Switzerland, and Westerborn in Sweden. It has 
the advantage that if one nail is not strong enough, a second one can be driven down, 
following the groove of the first. 

Due to the fact that European periodicals did not reach us during the War years, it 
was not until 1945 that surgeons in this country began to make use of this method. In 
the fall of 1945, Dr. H. C. Hansen designed the diamond-shaped nail, and together we 
inserted the first four nails of this type. 

The series of cases here presented includes only those in which the diamond-shaped 
nail was used. Forty-two of the cases are the author’s, the remaining fifty-eight having 
been contributed by eight other surgeons. All cases, good or bad, have been included to 
provide an unbiased impression of the indications, complications, and results which may 
be expected with this method. The follow-up period ranges from six months to four 
years, with an average of 15.7 months. The total number of fractures nailed by these 
surgeons up to six months before the original report in 1950 was 100. Ten cases were 
eliminated from the analysis of results because the last visit had been less than six 
months following nailing. 
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TECHNIQUE 


There are two fundamentally different techniques for inserting the nail. In the closed 
method the fracture is reduced by closed manipulation under fluoroscopic or roentgeno- 
graphic control and the nail is inserted from above through the trochanter. This method 
‘an be used only in fresh fractures and in ununited fractures in which the fragments have 
not been displaced, since accurate reduction by manipulation must be obtained. 

In the open method the fracture is exposed and reduced under direct vision, and the 
nail can be inserted either from above or retrograde through the proximal fragment. Open 
reduction is necessary in cases requiring revision of callus; removal of plates or screws 
after unsuccessful fixation; insertion of supplementary wire sutures or screws; reduction 
of a segmental fracture; or osteotomy for malunion, femur shortening, or femur lengthen- 
ing. Furthermore, the open method is preferable as it is more precise and requires less 
experience in manipulation, and the operative time is more predictable. 

Kiintscher advocated the closed method, where applicable, to avoid infection which 
may result from exposing the fracture site. In the present series, eleven cases were treated 
by closed and eighty-nine by open reduction. The closed method is not without danger, 
to the patient as well as to the surgeon, because of injuries resulting from exposure to 
x-ray; in this series a burn was incurred on the inner aspect of one patient’s thigh. The 
risk of infection in open reduction does not appear to be great, as only two cases out of 
eighty-nine showed evidence of infection. 

Both the length and the diameter of the nail to be used should be determined prior 
to operation. The length of the sound femur may be determined exactly by roentgenogram; 
however, we have found measurements taken from the tip of the trochanter to the knee 
joint, with the hip and knee flexed, sufficiently accurate. From this measurement we sub- 
tract one inch in most cases. Two noteworthy exceptions are the unusually low fractures 
and those in the very obese patient. In the former a full-length nail is used and checked 
fluoroscopically or by roentgenogram as it approaches the knee joint, while in the latter 
an additional amount must be subtracted to allow for the thickness of soft tissue overlying 
the trochanter. 

The diameter of the canal can be measured on the roentgenogram and, according to 
Fischer and Maatz, is actually about one millimeter less. Béhler allows two millimeters 
for the femoral cavity, and about one millimeter for the cavity in other bones. Studies of 
the medullary canal by Bohler, as well as our own studies, show the canal to be oval in 
cross section in most cases, the sagittal diameter being greater on the average by two to 
three millimeters. Since the diamond-shaped nail has two diameters, we then have the 
interesting effect of two sizes in one nail. If the size of the canal permits, the nail is in- 
serted with its greater diameter transverse in order to forestall lateral bowing. If, on the 
other hand, the canal is too narrow to take the nail in this plane, it can often be easily 
inserted in the sagittal plane. We have had no difficulty in using a nail of 11 millimeters 
when the narrowest portion of the canal measured ten millimeters or greater in the antero- 
posterior roentgenogram. Obviously the 11-millimeter nail is stronger than the 9-milli- 
meter nail and is therefore preferable. Only two 9-millimeter nails were used in this series. 

The technique which we believe to be the simplest, most reliable, and safest consists 
in open reduction with retrograde insertion of the nail (Figs. 3-A, 3-B, 3-C, and 3-D). 
The patient is placed on his uninvolved side with the hip and knee flexed. The fracture is 
exposed through a posterolateral approach, since there seems to be less interference with 
quadriceps function. The nail is inserted into the proximal fragment and driven retrograde 
out through the trochanter, with little or no comminution of the thin cortex in this region. 
The skin is incised when the point of the nail can be palpated subcutaneously. The driver 
is next screwed into place and the nail is driven further upward until the distal end is at 
the fracture site. The facture is then reduced and held with a clamp while the nail is 
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Fig. 7: The nail, introduced from above, was started at a point too far medially and hugged the medial cortex, 
causing a& slight angulation at the fracture site. 

Fig. 8: In this patient the nail, also introduced from above, struck the lateral cortex and was bent during 
insertion; this resulted in lateral bowing. 

Figs. ~~ and 9-B: A longitudinal fissure is visible in the distal fragment, illustrating undisplaced com- 
rn inution. Failure to stabilize this with screws resulted in displacement after nailing. 


driven into the distal fragment. Postoperatively the limb is suspended in a Thomas splint, 
with Pearson attachment, for three weeks, while the patient is encouraged to exercise the 
entire extremity. Partial weight-bearing on crutches is then begun and the amount of 
weight is gradually increased until the crutches are discarded, usually at six weeks. 


INDICATIONS 

As outlined by Kiintscher, this method is most effective in fractures of the femur 
located at the isthmus or narrowest portion of the canal, which is usually just below the 
junction of the upper and middle thirds. However, Kiintscher felt that medullary nails 
could be used to advantage in other fractures of the shaft. Béhler placed the upper limit 
at seven centimeters from the tip of the greater trochanter, and the lower limit at seven 
centimeters from the knee joint, while Romney advocates upper and lower limits of eight 
and ten centimeters respectively. These are not absolute limits but should serve to indi- 
vate that the closer the fracture line approaches either extremity of the bone, the less 
secure is the fixation and the more care is necessary in postoperative management. In our 
series the fractures ranged from ten centimeters below the tip of the greater trochanter to 
ten centimeters above the knee joint, with the greatest number in the middle third. In 
the case where the fracture was closest to the greater trochanter (Figs. 4-A and 4-B) two 
supplementary screws were used because of a butterfly fragment; in this patient the limb 
was supported in a balanced suspension until partial weight-bearing on crutches was begun 
at three weeks. In the case in which the fracture came closest to the lower limit a supra- 
condylar osteotomy was performed in which a small supplementary wire suture was used 
to control rotation. Here, too, the limb was supported in a balanced suspension, but partial 
weight-bearing was postponed until six weeks (Figs. 5-A and 5-B). Full weight-bearing 
was begun at six and eight weeks respectively in these cases. Note that a maximum of 
nail length was employed in the latter case. 

Extensively comminuted fractures were originally thought to be unsuitable for this 
method (Figs. 6-A and 6-B). Béhler has advocated suppiementary fixation by means of 
wire sutures. We have found screws to be more secure and used these in eleven cases. 
Supplementary screws may be advantageously employed in fractures with butterfly frag- 
ments, split tubular segments, and undisplaced comminuted fragments, as well as in 
oblique fractures when the canal is wide and in any fractures near the lesser trochanter 
or in the supracondylar region. 

Segmental fractures are particularly amenable to this form of treatment, since it is 
sasy to fix the fragments securely by threading them on the nail. A medullary nail can also 
be used effectively for immobilization in a cuneiform osteotomy for correction of angula- 
tion deformity; this was done in two cases in this series. Shortening of the femur by remov- 
ing a segment of bone in the region of the isthmus can be easily accomplished with medul- 
lary-nail fixation. Béhler describes transverse and oblique osteotomies. We prefer a ser- 
pentine osteotomy made by multiple drill holes, and the use of a jig to ensure congruity 
of the apposing surfaces. There were three cases of shortening of the femur in this series. 

Neither Kiintscher nor Soeur advocate the use of medullary nails in compound frac- 
tures. Béhler believed that it was indicated in fresh compound fractures; but, in such cases, 
he did not close the muscle or fascial layers. In this series there were three cases of com- 
pound fractures. In each the operation was delayed two to three weeks while antibiotics 
were given. No evidence of infection appeared in any of these cases and union was 
prompt. 
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COMPLICATIONS AND RESULTS 

Certain complications may occur during the operation. Of these fat embolism has 
been feared most. While mild fat embolism in a subclinical form appears to be common, 
as evidenced by fat in the sputum and urine, the clinical form is rarely seen. This condition 
developed in only one patient in this series; it appeared before nailing. Subsequent nailing 
of both femora brought no recurrence. 

There were no cases in this series of splitting of the femur from too large a nail, or 
jamming of the nail so that it had to be sawed off. Since no guide pin is used with the 
diamond-shaped nail, there were no complications incident to using a guide pin, such as 
the pin jamming in the nail, slipping 
out of the groove, or not following the 
axis of the canal. 

In two cases in which the nail was 
inserted directly from above it was 
introduced too far medially. In the 
first case this caused a mild medial 
bowing (Fig. 7). In the other, the nail 
struck the lateral cortex of the prox- 
imal fragment and bent while being in- 
serted, causing lateral bowing (Fig. 8). 
Neither of these mechanisms was 
seen when the nail was inserted retro- 
grade, since it then followed the axis 
of the canal. In one case of a fracture 
in the upper third, the nail after being 
properly inserted cut laterally through 
the trochanter until it impinged upon 
the lateral cortex of the proximal frag- 
ment, resulting in a mild coxa vara 
deformity. 

Difficulties may also arise from 
the failure to detect an incomplete or 
undisplaced comminution; this oc- 
curred in two of our patients. The 








a SSS fragment may later become displaced, 
Fic. 10-A Fic. 10-B with overriding and angulation, par- 

A segmental fracture, one of the two cases in which ticularly if the nail is somewhat short 
infection developed. Several sequestra were removed and (Figs. 9-A and 9-B). It is safer to use 
the lesion ultimately healed without shortening. : : ; 
a nail of adequate length in all cases 
and to reinforce all incomplete fracture lines with screws. 

The remaining complications to be discussed occur during convalescence. The purpose 
of any method of fracture treatment is to secure union with the least amount of deformity 
and minimum loss of function in the shortest possible time. As infection can defeat this 
purpose in all four respects, the possibility of infection extending along the nail and thus 
involving the entire bone has been greatly feared. However, reports from the German 
literature indicate that even though the infection extends the full length of the nail, the 
cortex of the bone is seldom involved as it is in hematogenous osteomyelitis, and the course 
is usually mild. In this series two patients showed evidence of infection. The first, a case 
of segmental fracture, had two intermediate fragments, one of which was split longi- 
tudinally (Fig. 10-A). Several small fragments sequestrated and were removed over 4 
two-year period. In this case, union was finally obtained and the patient retained the full 
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Fig. 11-A Fic. 11-B Fig. 11-C 


In a comminuted fracture treated by a long slotted plate, non-union resulted and the plate broke after 
six months. There was prompt union after nailing. 


length of the extremity (Fig. 10-B). The second case showed no evidence of infection after 
the nailing, but pain developed at the fracture site one year later when the nail was with- 
drawn. There was drainage from the proximal wound for two months; after that the 
wound healed, and the patient has had no trouble over a two-year period. 

At first Kiintscher was of the opinion that nailing stimulated callus formation. Boéhler 
believed that it sometimes delayed formation of callus. In this series the presence of callus 
was revealed by roentgenogram at from sixteen to seventy-eight days, with an average of 
twenty-nine days. Consolidation was well marked at from sixty to 191 days, with an 
average of 113 days. This bears out a previous study '? which indicated that nailing does 
not appreciably stimulate or delay callus formation. 

The fact that seventy-three fresh fractures promptly united, while encouraging, is 
not : ' surprising as the union of seventeen fractures upon which other methods had been 
tried without success. The unsuccessful types of fixation included skeletal traction, slotted 
plate, dual plating, onlay bone graft, plate with a bone graft, medullary bone peg and 
multiple transfixion screws. Of the ninety cases followed for six months or longer, union 
resulted in eighty-eight. The remaining two patients had no pain and their fractures re- 
mained stable, but roentgenograms taken at forty-six and fifty-four weeks showed a per- 
sisting fracture line, and callus was not sufficient for complete union. Even if these two 
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fractures fail to unite, the total of cases with non-union in this series will be only 2.3 
per cent. 

Shortening and resulting deformity is seldom a problem in medullary nailing, as 
shortening can result only from overriding of an oblique fracture, displacement of com- 
minutions, loss of bone substance, or angulation. Displacement can usually be controlled 
by supplementary fixation. Loss of bone substance from infection and sequestration is 
rare. Angulation generally can be corrected by straightening the nail. 

In eight patients the nail was bent at the fracture site as a result of sudden trauma 
during the first few months of their convalescence. The amount of bend ranged from 4 to 
30 degrees. One nail was removed and not replaced, two were replaced by straight nails, 
two were straightened under anaesthesia, and three were not straightened. One of the 
latter was removed without difficulty after the fracture had solidly united in spite of a 
20-degree bend. 

When a nail breaks this usually occurs late, as a fatigue fracture of the nail in pa- 
tients whose fractures have not united. There were no broken nails in this series. 

Joint stiffness, which so frequently results from prolonged immobilization by other 
methods of treatment, has been absent or of minor degree in these cases. Knee motion was 
recorded at three months in thirty-six patients and at six months in thirty-three; it aver- 
aged 79 per cent. and 94 per cent. of normal respectively. 

A glutaeus medius type of limp was observed in many patients when they resumed 
full weight-bearing. This varied considerably in degree and usually disappeared after about 
two months. A few acquired a habit of limping which was difficult to overcome. Two pa- 
tients in whom the nail projected an excessive distance above the trochanter (one and 
one-half to two inches) continued to limp and a bursa, filled with a brownish fluid and rice 
bodies, developed around the end of the nail. In some cases a bony cap formed over the 
end of the nail or a bony collar around the nail close to the femur. This was found in 
twenty-five patients. 

Although our usual postoperative regimen called for full weight-bearing at six weeks, 
the group of patients in this series became ambulatory on crutches at an average of forty- 
seven days and fully weight-bearing at seventy days. Earlier weight-bearing in many of 
these cases was delayed by associated fractures. 

The complication of migrating of the nail has aroused considerable interest. Appar- 
ently the nails rarely migrate into the knee joint; if they move at all, they move in the 
proximal direction. Béhler believes that this occurs when the nail is too short and fixation 
is therefore insufficient. In this series only five nails migrated, the distance ranging from 
eight millimeters to fifteen centimeters. The migration usually occurred early, before con- 
solidation of the callus. In two patients the nail backed out until the distal end nearly 
reached the fractured site. One of these was driven back down and anchored with a suture, 
while the other was extracted, since the fracture appeared solid. In all cases the nails were 
somewhat short, and none reached within 4.5 centimeters of the knee-joint line. 


SUMMARY 


The simplest and most generally applicable technique of medullary nailing is open 
reduction with retrograde insertion of the nail. 

Callus formation was unimpaired and the fracture united in all but two of ninety 
‘ases; in seventeen of these previous attempts at fixation had been unsuccessful. 

Disability is greatly reduced and the patients undergo less pain and fewer complica- 
tions than when treated by other methods. 


Nore: Grateful appreciation and thanks are extended to the following doctors who assisted by con- 
tributing cases to this series: Dr. Charles T. +e Dr. Robert G. Brashear, Dr. Louis W. Breck, Dr. Ernst 
Dehne, Dr. Thomas 8. Robertson, Dr. Ralph E. Rowen, Dr. Harold A. Sofield, and Dr. Fred L. Stuttle. 
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DISCUSSION 

Dr. F. H. vom Saat, New York, N. Y.: I want to congratulate Dr. Street for a very fine piece of 
work. When you take 100 fractures of the femur, some of them quite bad and come out with 97.7 per cent. 
of union, that is not only a good method; it is very good surgery. But union is not the only criterion of suc- 
cessful fracture treatment. These patients also have good function and had relatively short hospitalization, 
and that is what really sums up the argument for intramedullary pinning. Union can be obtained by many 
methods, but this is the only method which will produce union while at the same time preserving function 
and cutting hospital costs. With the present cost of hospitalization, this is no longer an unimportant item. 

I have not used Dr. Street’s nail, all of my cases having been done with a clover-leaf pin, but there 
are several things about this paper which interest me. While the recommended time before full weight-bearing 
at his hospital was six weeks, Dr. Street tells me that he now gets some of his patients up in five days. I 
would like to make a plea for early ambulation. Fixation of the fracture is most secure immediately after 
insertion of the pin if it is done properly. The man who keeps his patients with nailed fractures in bed is 
not a conservative; he is a radical, because he is asking for trouble. Eventual absorption tends to loosen the 
pin. If the patient is kept in bed, atrophy accompanies the absorption and makes the fracture still less 
secure. Early ambulation prevents atrophy and hastens union by jamming the bone ends together and 
eliminating the absorption zone. I think the fractures in my patients united much more rapidly than those 
in Dr. Street’s patients, not because of anything in the nail itself, but because in walking the two ends of 
the fracture are jammed together. Once the bone is pinned, union is assured and the patient can be treated 
for a soft-part injury. I have the patient walk as soon as the condition of his soft parts will allow. Patients 
with femoral shortening get up in twenty-four hours. Patients with traumatic injuries walk in from two to 
five days. The average period of hospitalization in my first fifty cases of fractured femora was twelve days, 
and the patients walked out of the hospital. Just think of the difference in the course of recovery alone. 

Dr. Street speaks of measuring the pins before operation. I congratulate him if he can do it; I can’t. 
I do open operation in all my cases and I think it the method of choice. If an open operation is done, it 

(Continued on page 678) 
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RESULTS IN MEDULLARY NAILING OF NINETY-FIVE FRESH 
FRACTURES OF THE FEMUR 


BY DR. JORG BOHLER, VIENNA, AUSTRIA 


From the Unfallkrankenhaus, Wien * 


One hundred and fifty-one operations with medullary nailings of the femur were | 


performed in the Vienna Accident Hospital between 1941 and 1948. In addition to this, 
there were seventy cases of medullary nailing performed in an army hospital during the 
War, and thirty-two cases treated during 1949. 

The present study deals only with fresh fractures of the femur, a total of ninety-five 
cases.t| The total number of fractures of the femur treated between July 1, 1941 and 
December 30, 1948 at the Unfallkrankenhaus was 988. As only 151, or 15.3 per cent., of 
these were treated by medullary nailing, it is evident that medullary nailing is indicated 
in a comparatively small number of cases. 

For an evaluation of the results we have divided our series into the following groups. 


Group I Closed Fractures 61 
(A) Treated by closed nailing 58 
(B) Treated by open nailing 3 
Group II Fresh compound fractures 26 
(A) Treated by closed nailing 3 
(B) Treated by open nailing 23 
Group III Fractures in pathological conditions 8 
(A) Treated by closed nailing 6 
(B) Treated by open nailing 2 


Group I (A) comprises cases treated during two periods: those treated betwen 1941 
and 1942, when the indications for the operation were not yet defined and the technique 
had not been sufficiently developed, and those treated between 1943 and 1948, when the 
technique had been perfected. 

In 1943 the chief of the Hospital, Dr. Lorenz Béhler, analyzed the results in all our 
cases and in a large number of cases operated upon in other hospitals. Following this, he 
determined exact directions for medullary nailing, which he also published in his book.’ 
These include indications for the operation, prevention of shock, and the technical details 
of the procedure. A reduction apparatus for closed medullary nailing was devised. Since 
then the thickness and length of the nail to be used have always been determined before 
the operation. Above all, the purpose of the procedure is to attain a stable fixation of the 
bone fragments. We feel this to be most important, because the purpose of medullary 
nailing is to allow full use of the extremity after the wound has healed without any ex- 
ternal support. If this cannot be achieved by closed medullary nailing, the fracture site 
should be exposed and secured with additional wire sutures, otherwise the operation is 
not indicated at all. Since we have followed these specifications, the results have improved 
markedly. 

An amazing improvement in results was seen in the patients treated between 1943 
and 1948, when medullary nailing had passed the experimental stage and had developed 
into an operation with exactly defined indications and techniques. 

Results in Group I (A) During the Period 1941-1942 

Deaths: None of the patients died, since the operation was never performed while the 
patient was in shock. Sevéral deaths in cases of closed medullary nailing have been re- 
ported in the literature. 


*Director, Prof. Dr. Lorenz Bohler. 
+ A study of all our cases, with a detailed analysis of every case, is to be published elsewhere. 
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TABLE I 
Resutts 1n Group I (A) 
(Fifty-eight closed fractures of the femur treated by closed medullary nailing) 











Excellent Good Fair Poor Total 





Period Number Per cent. 
Patients treated in 1941 and 1942 8 30 8 5 2 23 
Patients treated between 1943 and 1948 29 83 4 2 0 35 

















Total 37 64 12 7 2 58 


Amputations: There were no amputations in this series. 

Infection: Infection occurred in one case. Medullary nailing was later found to be 
contra-indicated, because of infected burns at the site of insertion of the nail. There are 
still fistulae and osteomyelitic “flare-ups” eight years after the operation. Therefore, in 
vase of infection, we now remove the medullary nail as soon as possible. 

Shortening: Shortening of three and four centimeters occurred in two cases. In five 
vases there was shortening of from five-tenths to two centimeters. 

Rotation: Two patients showed outward rotation. 

Angulation: One patient had angulation of 15 degrees. In six other cases there were 
minor angulations of from 5 to 10 degrees. 

Inadequate Fixation: In fifteen of the twenty-three cases of the first period, the frac- 
ture site was not quite stable after operation. In ten of these cases, additional external 
cast fixation was necessary. In the latter cases, closed medullary nailing should not have 
been attempted. 

Mobility of Knee Joint: In four cases, flexion of the knee joint was less than 90 de- 
grees; in two of these cases this was due to other injuries. In two other cases, flexion, al- 
though limited, was possible beyond 90 degrees. In the rest, there was complete free 
motion. 


Results in Group I (A) During the Period 1943-1948 


Deaths: None. 

Amputations: None. 

Infection: None. 

Angulation: One patient had a heavy fall four months after the operation and angula- 
tion of 8 degrees resulted. This is the only case where angulation of the nail itself occurred. 


TABLE II 


ComPLIcATIONS IN Group I (A) 


Patients Treated Patients Treated 
Between Between 
Complications 1941 and 1942 1943 and 1948 
Deaths 0 0 
Amputations 0 0 
Infection 1 0 
Angulation of from 5 to 10 degrees 6 1 
Angulation of from 10 to 20 degrees 1 0 
Shortening of from 0.5 to 2 centimeters 5 1 
Shortening of from 2 to 4 centimeters 2 0 
Rotation 2 0 
Fracture fixation not stable 15 0 
Cast fixation 10 0 
Minimum range of knee motion 180 to 90 degrees 4 2 
Less than 90 degrees of knee motion 2 2 
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Shortening: In one case there was shortening of one centimeter. 

Mobility of Knee Joint: In two cases, flexion of the knee joint was less than 90 degrees. 
Both patients were transients and follow-up was not possible. In two other cases, the 
knee could be flexed over 90 degrees but some limitation was present. In the other thirty- 
one cases, range of motion in the knee joint was normal. 

No patient was dismissed from the hospital until he was able to walk with the aid of 
only a cane. The time of treatment was relatively long, because patients were not dis- 
missed from treatment until they could resume heavy labor. 


Results in Group I (B) (Three closed fractures of the femur treated with open medullary 
nailing) 

We were always reluctant to recommend open reduction with medullary nailing. By 
means of our reduction apparatus, specially devised for medullary nailing, we were almost 
always able to perform closed reduction and nailing. However, the results in all three 
cases of open nailing were excellent. Since 1948, with the advent of modern antibiotics, 
we have done more open medullary nailings. These cases are treated by means of addi- 
tional bone sutures with one-millimeter stainless-steel wire. With this procedure, a firmer 
fixation of the fragments can be achieved in a greater number of cases than with closed 
medullary nailing. 

TABLE III 


AVERAGE DuRATION OF TREATMENT IN Group I (A) 


No. Total No. 


No. of Days of Days of of Days of 
Period Hospitalized After-Care Treatment 
1941 Patients with other injuries 76.8 128.2 205 
to 
1942 Patients without other injuries 60.8 118.2 179 
1943 Patients with other injuries 45.8 145.2 191 
to 
1948 Patients without other injuries 30 137 167 


Results in Group II (Twenty-six fresh open fractures) 

Medullary nailing proved to be of special value in fresh open fractures of the femur. 
Many authors disapprove of the use of the medullary nail for this injury and report un- 
favorable results®’. We treated almost all of our open fractures of the shaft of the femur 
with medullary nailing and additional wire sutures. Two contra-indications were recog- 
nized; the first was a poor general condition of the patient, and the second was a fracture 
in which the fracture line involved the joint. An example of the wide latitude of indica- 
tions is a case of severely comminuted fracture discussed in a previous article.* In spite 
of this wide latitude and in spite of the fact that the first seventeen cases in this group 
were treated without penicillin, only one minor infection, with no permanent disability, 
occurred. With the exception of two cases, medullary nailing was done within the first 
twelve hours after the accident, after thorough débridement and primary closure of the 
wound. In one case, closed medullary nailing was performed eleven days after the accident 
because of severe shock, and, in another case, open medullary nailing was performed seven 
weeks after the accident. In two other cases, closed medullary nailing was performed 
immediately after wound closure. 

In Group II the cases are divided into those treated before penicillin became available 
and those treated since the advent of penicillin. 

* Kiintscher’s Medullary Nailing. J. Bone and Joint Surg., 31-A, p. 299, Figs. 4-A to 4-D, April 1949. 
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TABLE IV 


Resutts 1x Grovrp II 
(Twenty-six fresh open fractures) 





Period Excellent Good Fair Poor Death Total 
Patients treated between 1941 and 1944 7 6 2 1 1 iZ 
Patients treated between 1945 and 1948 8 0 0 0 1 9 
Total 14 7 2 1 2 26 


The difference in results here is not due to a stricter limitation of the indications but 
to the fact that we now always apply additional wire sutures. Angulations and shorten- 
ings were therefore eliminated entirely during the second period. All fractures treated 
during the first period could have been made completely stable if wire sutures had been 
used. 

Deaths: Both deaths occurred on the day of accident because of the primary injury 
and the additional shock of operation. Medullary nailing should not have been done at 
all, or only after adequate treatment of shock. 

Amputations: No amputations had to be performed. 

Infection: Infection occurred in one case, eighteen days after the operation. Four 
months after the accident the nail was removed, and one month later a small sequestrum 
was removed. The wound then closed permanently and the range of knee motion at the 
follow-up examination was 180 to 75 degrees. 

Angulation: Angulation occurred in two cases, but was less than 10 degrees in each. 

Shortening: In the one case in which the result was rated as poor, the patient had 
shortening of six centimeters. His fracture was comminuted (this was a case analogous 
to the case reported in The Journal of Bone and Joint Surgery'). The shortening occurred 
because no additional wire sutures were used. The wound healed without infection and 
the knee motion was 180-70 degrees. Four patients had shortening of one centimeter or 
less. 

Migration of the Nail: Migration occurred in two cases. In one case the nail was driven 
in again and in another case the nail was replaced by a thicker one. This is the more 
rational procedure because the migration is caused by an imperfectly fitted nail. 

Unstable Bone Fixation: In seven cases bone fixation was not stable. In six of these 
patients, additional external cast fixation had to be applied. In all cases perfect stability 
could have been achieved with additional wire sutures. 

Mobility of Knee Joint: In two patients, the knee joint could be flexed less than 90 
degrees. Both of these were transients who could not be followed-up. 

Duration of Treatment: The average stay in the Hospital was 68.3 days. The shortest 
stay in the Hospital was thirteen days. The average time until the patients resumed work 


was 279 days. 


Results in Group IIT (Eight fractures in pathological conditions) 
This group consists of one case with a solitary bone cyst, four cases of Paget’s disease, 
two cases of fracture with tabes dorsalis, and one case with spastic luetic hemiplegia. 
The case with the solitary bone cyst has been described in detail by Lorenz Bohler.* 
The cyst, treated only with closed medullary nailing, healed completely. Since then we 
have operated successfully on two other patients. 
Medullary nailing has proved to be of special value in Paget’s disease. In one case 
With typical bone changes an ordinary subtrochanteric spiral fracture occurred. After 
* Medullary Nailing of Kiintscher. pp. 242-248, Figs. 784-791. Baltimore: The Williams and Wilkins 


Company, 1948. Die Technik der Knochenbruchbehandlung im Frieden und im Kriege. Band IL: Die Mark- 
nagelung nach Kiintscher. 8. 1892-1893, Abb. 3819-3826. Wien, Verlag Wilhelm Maudrich, 1944, 
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TABLE V 


Comp.ications IN Group II 
(Twenty-six fresh open fractures) 














Patients Treated Patients Treated 
between between 

Complications 1941 and 1944 1945 and 1948 Total 
Deaths 1 1 2 
Amputations 0 0 0 
Infection 1 0 1 
Angulation of from 5 to 10 degrees 2 0 2 
Angulation of from 10 to 20 degrees 0 0 0 
Shortening of from 0.5 to 2 centimeters 4 0 4 
Shortening of 6 centimeters 1 0 1 
Rotation 0 0 0 
Migration of nail 2 0 2 
Primary bone fixation not stable 7 0 7 
Cast fixation 6 1 7 
Less than 90 degrees of knee motion 2 0 2 
Range of knee motion 180 to 90 degrees 4 1- 5 


closed medullary nailing the fracture was not stable and additional traction had to be 
applied. Angulation of 20 degrees and shortening of three centimeters occurred in spite of 
this. The other three cases were typical transverse fractures of Paget's disease. All were 
treated by closed medullary nailing. In all three instances the fractures healed completely, 
with perfect function, in spite of the patients’ relatively high age (fifty-eight, sixty-four, 
and sixty-nine years). The average stay in the Hospital was only twenty-seven days and 
the average period before the patients resumed work was 151 days. 

The results in both cases with tabes dorsalis are poor. One of these was a supracondy- 
lar fracture which was treated by closed medullary nailing. The fracture healed without 
complications, but tabetic arthropathy of the knee joint developed, which made arthro- 
desis necessary. The second case was a subtrochanteric re-fracture of the femur which 
did not heal in traction. After two months, open medullary nailing was done and two 
additional wire sutures were applied. In spite of a technically perfect operation, the frac- 
ture failed to unite and angulation occurred. Subsequently the limb shortened eleven centi- 
meters and the nail migrated through the knee joint, without causing discomfort to the 
patient, appeared at the tibial tuberosity, and was then removed. This is the only patient 
in the entire series of ninety-five in whom the fracture failed to unite. 

The last patient in this group had spastic luetic hemiplegia with a subtrochanteric 
fracture of the femur. Because of the spasm, union did not occur in traction; and two 
months later an open medullary nailing was performed. Two weeks later the wound broke 
open and the patient died. In this case the operation was not indicated because of the 
patient’s general condition. 


Critical Evaluation of the Results 

To evaluate any method of treatment, it is necessary to know the complications which 
may be expected from each type of fracture. 

The possible complications resulting from a femoral fracture are: (1) loss of life; (2) 
loss of the limb; (3) loss of the function of the limb. 

Deaths: Fatalities because of pneumonia or pulmonary embolism did not occur in any 
of the patients in this series. We believe this record is due to the early mobilization of the 
patient. 
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TABLE VI 


675 


Summary OF Resutts In MEpULLARY NaAILING or NINETY-FIVE FrEesH FRACTURES OF THE FEMUR 











Group I Group I 
(A) (A) Group I 
Closed Closed (B) Group II Group III 
Fractures Fractures Closed (A) and (B) (A) and (B) 
Closed Closed Fractures Recent Fractures in 
Result Nailing Nailing Open Open Pathological 
1941-1942 1943-1948 Nailing Fractures Conditions Total 
(23 Cases) (35Cases) (3 Cases) (26 Cases) (8 Cases) (95 Cases) 
Excellent 8 29 3 15 3 48 
Good 8 4 0 6 1 19 
Fair 5 2 0 2 1 10 
Poor 2 0 0 1 2 5 
Deaths 0 0 0 2 1 3 
Amputation 0 0 0 0 0 0 
Infection 1 0 1 1 1 4 
Angulation less 
than 10 degrees 6 1 0 2 0 9 
Angulation 
10 to 20 degrees 1 0 0 0 2 3 
Rotation 2 0 0 0 1 3 
Shortening less 
than 2 centimeters 5 1 0 t 0 10 
Shortening over 
2 centimeters 2 0 0 1 2 5 
Range of knee-joint 
motion 
180 to 90 degrees 4 2 0 5 2 10 
Range of knee-joint 
motion, 90 
degrees and less 2 2 0 2 1 10 
Fracture of the nail 0 0 0 0 0 0 
Bending of nail 0 1 0 0 0 1 
Migration of nail 0 0 1 1 1 3 
Bone fixation not stable 15 0 1 7 2 25 
Additional external fixation 10 0 1 7 2 26 
Average stay in hospital 
(days) 76 15 73 68 56 
Average total duration of 
treatment (days) 205 191 238 279 309 


Death because of infection following open fractures also did not occur in our 
series. We believe that this can be attributed to the positive fixation of the fragments 


by the nailing, which decreases the chances of infection. 


Of the three deaths in the ninety-five nailings, two were attributed to shock the day 
of the nailing and one other, which occurred two weeks after operation, to luetic brain 
damage. In all three cases nailing had been contra-indicated. 


Causes of Loss of Function 

Infection: In four cases infection occurred. In closed medullary nailing (Group I) 
we had one severe infection with permanent fistulae because the nail was inserted 
through an infected burn. Nailing in this case was not wise. In one case of open medul- 
lary nailing the nail was not inserted deeply enough and penetrated the skin. This 
was corrected and the wound closed in a few days. In the cases with fresh open 
fractures (Group II) one infection occurred. After removal of the sequestrum, the 
wound closed permanently. In the group of fractures in pathological conditions 
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TABLE VII p 
Time BETWEEN ACCIDENT AND OPERATION n 
No. of Patients s 
No. of Days Group I (A) Group I (B) Group IT Group III Total 
1 32 as 24 3 so} : 
2to 7 8 ~ ~ 1 9 ES 
8 to 14 10 — 1 1 12 e 
15 to 28 7 3 — — 10 8 
More than 28 1 — 1 2 4 v 
Total 58 3 26 7° 94° h 
SS = —S= ———== te 
* In one case there was no accident or fracture. 0} 
(Group III) the wound broke open in one case without suppuration. 
Non-Union: In the entire series, only one fracture failed to unite; this was due e 
to tabes dorsalis. - 
Malalignment: In the two cases of rotation and three cases of shortening (over ¥ 
two centimeters) malalignment was due to faulty technique and should have been Bt 
avoided. . 
Joint Damage: Joint damage to the injured limb can be avoided much more . 
easily with medullary nailing, because early motion is possible. The hip and ankle 
joints were always free, and limitation of the knee joint was present only in cases with 
unstable bone fixation or in those with infection of the fracture site. 
Muscle Atrophy: Muscle atrophy’ is almost completely avoidable, because all ¥ 
joints can be exercised freely after one week. + 
Pressure Ulcers: Pressure ulcers from plaster or traction fixation do not occur T. 
° after proper medullary nailing. 
Nerve Damage: Nerve damage and vascular disturbances following treatment 
were not observed in our series. ri 
Complications in Medullary Nailing th 
In medullary nailing a number of complications are possible which do not occur with - 
other methods. The most common complications are due to the use of too thick, too thin, ” 
too short, or too long a nail. We saw these complications only during the first two years. ai 
Since we now always measure the length and width of the medullary cavity before opera- bt 
tion, they no longer occur. M 
Migration of the Nail: Migration was observed in three cases. In two of these the nail 
migrated proximally. The third instance occurred in a patient with tabes dorsalis; the nail 
1a 
TABLE VIII fa 
Time OF REMOVAL OF NAIL fo 
Length of Time 
Before Removal of 
Nail Group I (A) Group I (B) Group II Group III Total } 
(Months) 
lto 3 2 1 2 5 cle 
4to 6 18 _ 3 21 pr 
7to 8 16 3 2 21 is 
9 to 10 5 _— 4 1 10 an 
11 to 12 5 1 4 2 12 
More than 12 6 te 5 2 3 op an 
Not removed 6 1 5 1 13 to 
Total 58 3 26 =. We 8 95 ” 
= an 
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penetrated the knee joint without causing discomfort. Migration is caused by minute 
motions at the fracture site which force the nail to come out. If this occurs a thicker nail 
should be substituted to inhibit motion at the fracture site. 

Bending of the Nail: There was one case in this series in which bending of the nail oc- 
curred. This patient had a bad fall four months after the operation; the amount of bending 
was 8 degrees. We have seen some cases with medullary nailing which had been done 
elsewhere, in which'a Kiintscher nail was not employed and in which bending occurred. 
Schiirch in Switzerland and Lauritzen in Sweden reported frequent bending of nails which 
were not sufficiently strong. During a recent visit to the United States the writer also 
heard of several cases of bending of the nail. After insertion, the nail should be fully able 
to stand up under weight-bearing. Therefore, only nails of the strength and design of the 
original Kiintscher nail should be used. 

Fracture of the Nail: In no eases of fresh fractures were fractures of the nails seen. In 
our twenty-one cases operated upon for non-union of the femur a fracture of the nail 
occurred twice. In both cases the nail showed a typical fatigue fracture because of the slow 
consolidation of the callus. In both, the fragments could be removed with a hooked nail 
guide through a small trochanteric incision. After insertion of a thicker nail rapid union 
occurred. In one case, operated upon elsewhere, we saw multiple fractures of a nail of in- 
sufficient strength. 

Time of Operation: Of the fifty-eight fresh closed fractures fifty were operated on 
within the first two weeks. 

Of twenty-six fresh open fractures twenty-four were operated upon on the first 
day and only two later, one on the eleventh day, with closed nailing, and one seven weeks 
after the fracture, with exposure of the fracture site. 


Time of Removal of the Nail 

We always try to remove the nail. In the cases listed in Table VIII the nail was 
not removed only because these patients either disappeared or refused operation. 

Nails were rarely removed within the first three months, most frequently between 
the fourth and eighth month after operation. During the past few years it has been our 
practice to wait until the fracture is solidly healed,—that is, about one year. If the nail is 
removed too early angulation may occur. This complication has been mentioned fre- 
quently. It can be avoided if one remembers that the nail does not hasten callus formation 
but, like every other foreign body, delays it. 


Medullary Nailing of Infected Fractures 

Medullary nailing in the pree-nce of infection is contra-indicated. After medullary 
nailing a local infection may spread through the entire medullary cavity. In spite of the 
fact that there is drainage along the nail, we think this is a very serious condition. There- 
fore, if infection occurs we remove the nail as soon as possible. In our experience infection 
ceases only after removal of the nail. 

SUMMARY 

At present, medullary nailing is the best treatment for transverse and short oblique 
closed fractures of the femur and for most open fractures of the femur, provided that the 
procedure is indicated and that the proper technique is employed. The main requisite 
is that after the operation fixation should be so firm that the patient can walk without 
any additional support. To ensure this, additional sutures with one-millimeter wire should 
always be used if an open operation is performed. The nail should be strong enough fully 
to replace the fractured femur in weight-bearing. Most of the complications in our cases 
occurred within the first two years of our use of this method because of lack of experience 
and because the technique had not yet been perfected. 
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DISCUSSION 
MEDULLARY NAILING OF FRACTURES OF THE FEMUR 
(Continued from page 669) 


is very simple to measure the pin at that time. You fit the pin into the bone end until you determine the cor- 
rect size. You then slide a Steinmann pin down inside the canal, measuring it for length, remembering that 
fixation should be into cancellous bone at both ends, and, therefore, you add an inch at each end to allow 
for the cancellous bone and for eventual removal. I want to emphasize that proper measurement is very 
important. In the report you have just heard, five pins migrated. If you remember some of the pictures, 
the pins were too narrow to fill the canal, and in one or two cases they were too short. Some of them went 
obliquely across the canal. I think this accounts not only for the migrating, but also for the bending of 
some of the pins. 

What I have just said represents difference of opinion as to detail only. The principles outlined by Dr. 
Street are sound. Intramedullary pinning is an excellent way of getting union and often succeeds when other 
methods have failed. Because of its economic and functional advantages, it is undoubtedly here to stay. 


Dr. Denman C. Hucuerson, Houston, Texas: The Orthopaedic Section of Jefferson Davis Hospital 
has employed medullary nailing of femoral-shaft fractures in fifty-two cases. We have used three types of 
nails: the V-shaped nail (eight cases), a U-shaped nail (five cases), and the diamond-shaped nail (thirty-nine 
cases). 

We have discarded the V-shaped nail entirely, as in every case the nail either bent or fractured. One 
of our staff still prefers the U-shaped nail, but the remainder believe the diamond-shaped nail to bethe most 
satisfactory. 

In our first eight cases we inserted the nail from the trochanter, but in three of these cases the nail 
became hopelessly wedged and required dramatic or near fatal measures for its removal. We have since used 
the retrograde technique which differs but slightly from that used by Dr. Street. We first drill out through 
the cortex of the trochanter with a one-quarter inch drill bit. We use a nail with an eye in each end so that 
it may be extracted from below if the need arises. 

I was interested to hear of the use of screws combined with medullary nailing in comminuted fractures. 
We have not used this method, but we have employed circumferential wiring in some mildly comminuted 
fractures. We have not used medullary nailing in fresh compound fractures. 

As Dr. Street has stated, complications are surprisingly few. There have been no infections in any of 
our cases. Two nails have migrated outward, but in both cases the nails were driven back under local anaes- 
thesia without further difficulty. A painful bursitis developed over the nail in one instance. 

We have considered the results to be excellent in all of our cases, with the exception of the eight in 
which the V-shaped nail was used. 

I have enjoyed Dr. Street’s paper very much, and I am most happy to find our experiences and results 
in such close agreement. 


Dr. Dana M. Street (closing): I wish to thank Dr. vom Saal and Dr. Hucherson for their enlightening 
discussion. I do not concur with Dr. vom Saal’s opinion that the nail has to fit tightly into the canal. As 
Dr. Robert Soeur pointed out, the nail traversing a curved canal impinges against the opposite walls at 
different levels. Also, if the nail extends far enough into the cancellous bone for secure anchorage, there can 
still be some looseness in the fitting of the nail at the isthmus without disturbance of healing. 
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POSTERIOR BONE BLOCK OF THE ANKLE FOR PARALYTIC EQUINUS 
AN Enp-REswutt Srupy *t 
BY ALVIN J. INGRAM, M.D., AND JOHN M. HUNDLEY, M.D., MEMPHIS, TENNESSEE 
From the Campbell Clinic and Foundation, Memphis 


In 1923, Campbell? described the posterior bone-block operation of the ankle to 
correct drop-foot deformity. The technique has since been modified by Wagner °, Gill, 
and others. Follow-up observation on these procedures has been done by Campbell *: 4, 
Wagner '°, Wheeldon and Clark, Branch, and Carrell and Childress. None of these authors, 
however, has reported the long-term results of these operations in a series large enough to 
justify definite conclusions concerning their relative merits. The purpose of this study is to 
evaluate critically the late results of the posterior bone block of the ankle; and, on the 
basis of the cases studied, to draw conclusions concerning the indications, the contra- 
indications, the results, and the complications of the operation. 


METHOD OF STUDY 


At the time of this study, 477 patients who had had bone-block operations done before 
September 1943 were requested to return for examination. Seventy-nine patients, eleven 
with bilateral bone blocks, responded. Of the remaining 398, 133 were followed more than 
five years. A study of the clinical notes and the roentgenograms allowed a fairly accurate 
grouping and did not lead the authors to believe that there would have been any significant 
changes in the statistics had more returned. All of those who returned for examination are 
included in this study, and the cases reported herewith were all seen personally by one or 
both of the authors within the past eighteen months. 

The patients were questioned concerning the following points: age; sex; race; occupa- 
tion; the location, character, and severity of any pain in the foot or ankle; the patient’s 
endurance; whether or not braces had been used; whether or not the patient was satisfied 
with the result; and whether or not there were any complaints. 

The clinical examination included the following: A muscle test was done on the ex- 
tremity concerned; the lengths of the extremities were measured; the presence of other 
musculoskeletal disabilities was noted; the gait was analyzed, especially as to steppage; 
the range of motion of the foot on the leg was noted; the ankle was palpated for crepita- 
tion; and the end result of the foot stabilization was evaluated. 

In each case, three roentgenograms were made,—the routine anteroposterior, a lateral 
view in forced plantar flexion, and a lateral view in forced dorsiflexion. To determine the 
range of motion of the foot on the leg and of the stabilized mass (usually the talus, cal- 
“aneus, cuboid, and navicular) on the tibia, the lateral roentgenograms were measured as 
follows (Fig. 1): Line a represents the axis of the tibia; line « connects two fixed points in 
the stabilized posterior portion of the foot; line ¢ represents the plane of the sole of the 
foot and connects the plantar surfaces of the calcaneus and the first metatarsal head. The 
numerical difference between angles A O C and A’ O’ C’ represents the total movement of 
the foot on the leg. The difference between angles A X B and A’ X’ B’ is the amount of 
motion in the ankle. The amount of motion in the unstabilized portion of the foot is ob- 
tained by subtracting the degrees of ankle-joint motion from the total degrees of motion 
of the foot on the leg. 

This method of measurement was used in all cases; and, while there is a definite 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New York, N. Y., 


February 14, 1950. 
+ Received for publication February 3, 1951. 
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Measurement of Motion 
Angle A O C (110 degrees) is maximum plantar flexion and A’ O’ C’ (95 degrees) is maxi- 
mum dorsiflexion of the foot on the leg. The range of motion is 15 degrees (110 degrees minus 
95 degrees). — amount of motion in the tibiotalar joint (13 degrees) is determined by sub- 
tracting angle A’ X’ B’ (54 degrees) from angle A X B. The unstabilized joints of the foot con- 
tribute the remaining degrees of motion. (15 degrees minus 13 degrees = 2 degrees.) 


margin of error present, the method is not only objective but is also the most satisfactory 
technique described to date. 

The roentgenograms were carefully studied for the presence or absence of hyper- 
trophic changes and changes due to aseptic necrosis. The type of procedure was also stud- 
ied,—that is, whether or not the bone block was accomplished by the massive posterior 
block, the small postero-inferior block popularized by Wagner, or by the method of Gill. 


GENERAL OBSERVATIONS 


A total of seventy-nine patients returned for examination. Of this group, eleven had 
had bilateral bone-block operations done, while sixty-eight had had unilateral. The total 
number of ankles examined, then, was ninety. There were forty-three females and thirty- 
six males. 
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The cause of the original drop-foot deformity in the ninety ankles studied was as 
follows: poliomyelitis, eighty-six; spastic cerebral palsy, two; athetoid cerebral palsy, one; 
peripheral-nerve injury, one. 

The duration of postoperative observation ranged from five years to twenty-seven 
years, the average being eighteen years. Sixty per cent. of the patients were followed 
longer than twenty years (Table VI). 

Eleven patients were either wearing a brace when examined or, in the opinion of the 
examiner, their condition would have been improved by the use of one. One patient re- 
quired high-top shoes for daily use. 

Thirteen patients complained of mild pain in the foot or the ankle on weather changes, 
and four had mild pain after excessive use of the extremity. No patient was disabled by 
pain, and none had moderate or severe pain. 

In the great majority of cases, the endurance of the ankle was quite satisfactory,— 
the patients examined were more disabled by associated disabilities than by the limited 
motion of the ankle. In six, the endurance of the ankle was poor. 

The duration of drop-foot prior to the operation ranged from between two years and 
twenty-six years,—the average was ten years. 

The present age ranged from sixteen years to forty-nine years,—the average was 
thirty-three years. 

The present occupational status of the patients represents a cross section of our 
civilian economy, ranging from a farm laborer to an opera singer. 


CRITERIA 

Excellent 

1. No pain; 

2. No significant arthritis; 

3. The entire foot does not plantar-flex beyond 105 degrees and can be dorsiflexed 
to 90 degrees or more; 

4. There must be 10 degrees or more of motion in the ankle. The average was 12 
degrees; 

5. No support and no steppage gait. 


Good 
1. No pain on ordinary activities; there may be slight pain after excessive activity; 
2. Mild arthritis, but good endurance and no pain; 
3. Foot blocks at 115 degrees or less; 
4. There must be 10 degrees or more of motion in the ankle. The average was 13 
degrees; 
5. No support and no steppage gait. 


Fair 

1. No pain on ordinary activity, but slight pain after excessive activity; 

2. There may be mild to moderate arthritis, but good endurance and no pain; 

3. The foot must be blocked at 120 degrees or less; 

4. Less than 10 degrees of motion, but ankylosis not demonstrated. The average was 
10 degrees; 

5. No support. 


Poor 
Pain; 
2. Severe arthritis, or moderate arthritis with pain; 
3. Foot is blocked beyond 120 degrees; 
4. Fibrous or bony ankylosis; 
5. A brace may be required. 
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A. J. INGRAM AND J. M. HUNDLEY 


TABLE I 


AGE or PATIENT AT THE TIME OF SURGERY IN RELATION TO THE END RESULTS 

















Age Total Excellent Good Satisfactory Poor 
Group No. Per Per Per Per 
(Years) in Group No. Cent. No. Cent. No Cent. No. Cent. 
Oto 9 11 0 4 36.4 2 18.1 5 45.5 
10 to 14 38 6 15.8 9 23.8 15 39.4 8 21 1 
15 to 19 25 8 32.0 5 20.0 6 24.0 6 24.0 

Over 20 16 6 37.5 0 6 37.5 4 25.0 
Total 90 20 23.2 18 20.0 29 32.2 23 25.6 





RESULTS 


An attempt was made to determine which type of bone-block procedure was most 
effective in this series; but, because of the many combinations in this group, this was im- 
possible. It is our impression, however, that the small intra-articular block which impinges 


TABLE II 


Tue EXTENT AND SEVERITY OF THE PARALYSIS IN RELATION TO THE END RESULTS 








Total Excellent Good Satisfactory Poor 
Type of No. Per Per Per Per 
Paralysis in Group No. Cent. No. Cent. No. Cent. No. Cent. 
Dynamic 28 6 21.5 5 7.8 8 28 .6 9 32.0 
Balanced 12 2 16.7 7 58.3 3 25.0 0 
Flail 47 12 25.6 5 6 17 36.2 13 27.6 
Total 87 20 23.0 17 19.5 28 32.2 22 25.2 


on the posterior-inferior lip of the tibia is more desirable, mechanically, than the massive 
block designed to impinge on the posterior surface of the tibia. 

Sixteen of the ninety patients in this series, or 18 per cent., had unsatisfactory foot 
stabilization. This group is contemporary with, and comparable to, the large series re- 
ported by Crego and McCarroll in which 20 per cent. had unsatisfactory foot stabilization 
secondary to vicious muscle pull. 


TABLE III 


Hyrertropuic ArtTuritis: Forty Cases (44.4 Per Cent.) 


Tota! with 


Total Mild Moderate Severe Hypertrophic 
Follow-up No. Per Per Per Arthritis 

(Years) in Group No. Cent. No. Cent No. Cent. No. Per Cent. 
Oto 9 15 2 13.3 0 0 2 13.3 
10 to 14 12 ] 8.3 1 8.3 0 2 16.6 
15 to 19 9 4 44.4 3 33.3 0 7 77.7 
20 to 24 34 9 26.4 8 23 .5 1 2.9 18 52.8 
Over 25 20 3 15.0 7 35.0 1 5.0 11 55.0 
Total 90 19 21.1 19 21.1 2 2.2 40 44.4 
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1. Age at the Time of Surgery (Table I): The poorest results (45.5 per cent.) were 
obtained in patients operated upon before ten years of age. The best results were obtained 
in those between the ages of ten and fifteen years when operated upon, and most of the 
patients were in this age group at the time of surgery. 

2. Extent and Severity of the Paralysis (Table I1): In feet paralyzed as the result of 
poliomyelitis, a study was made to correlate the balance of power in the remaining muscles 
acting on the foot with the result. Three arbitrary categories were established. The dy- 
namic drop-foot is characterized by plantar flexor muscles two or more grades stronger 
than the dorsiflexors; a balanced drop-foot is one in which there is a discrepancy of less 
than two grades; and a flail 
foot is one in which there is 
little or no power in either 
group. The best results were 
obtained in that small group 
of patients with balanced 
drop-foot deformities. In gen- 
eral, the failures in those pa- 
tients with dynamic drop feet 
were associated with an ex- 
cessive range of plantar flex- 





ion or a recurrence of the de- 
formity. On the other hand, 
failures in the flail drop-foot 
group were associated with 
ankylosis of the ankle, in the 
majority of cases. 

3. Hypertrophic Arthri- 
tis (Table III, Figs. 5 and 6): 
All roentgenograms were 
varefully studied for the pres- 
ence of hypertrophic ar- 
thritic changes, and they 
were graded arbitrarily as 
mild, moderate, or severe. 
They were noted in forty of 
the ninety cases, or 44.4 per 
cent. Two patients had se- 
vere arthritic changes, asso- 
ciated with flattening of the 
body of the talus from asep- r 














tic necrosis. Nineteen pa- 
tients demonstrated mild ar- 
thritic changes, probably 


Fia. 9 


A poor result, due to aseptic necrosis and flattening of the talus. 
Patient was a forty-year-old housewife, observed for twenty-three 
more directly eaused by the _ years. 
foot stabilization than by the 
bone block itself. Arthrodesis of the subtalar, talonavicular, and caleaneocuboid joints 
unquestionably subjects the ankle joint proper to many minor medial, lateral, and rota- 
tory stresses which would be dissipated by normal intertarsal articulations. At the present 
time, a study is being made to elucidate this point. 

4. Aseptic Necrosis (Table IV, Figs. 9 and 10): Sclerosis and flattening of the body of 
the talus were noted in twenty-four of the ninety cases, or 26.7 per cent. of the cases. This 
Was interpreted as being the end result of aseptic necrosis of the body of the talus, although 
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TABLE IV 


FLATTENING OF THE TALUS FROM ASEPTIC NECROSIS 
TWENTy-FrourR Cases (26.7 PER CENT.) 





Total Mild Moderate Severe Total 











Follow-up No. Per Per Per Per 

(Years) in Group No. Cent. No. Cent. No. Cent. No. Cent. 
Oto 9 15 1 6.6 0 0 1 6.6 
10 to 14 12 2 16.6 0 0 2 16.6 
15 to 19 9 1 12.1 2 22.2 0 3 33.3 
20 to 24 34 3 8.8 7 20.5 0 10 29.3 
Over 25 20 1 5.0 5 25.0 2 10.0 8 40.0 
Total 90 8 8.8 14 15.5 2 


2.2 24 26.7 


milder changes of this character may be confused with mild hypertrophic changes. In all 
probability, the changes due to aseptic necrosis are caused by interference with the blood 
supply to the talus, which comes largely from the vessels in the tarsal sinus. For this rea- 
son, a fairly high percentage of patients undergoing the Hoke triple arthrodesis or the Lam- 
brinudi procedures would probably demonstrate similar changes, if followed over a com- 
parable period. 


TABLE V 


RANGE OF Morion CORRELATED WITH THE RESULT 





Ankle Other Joints Total 
Average Range Average Range Average 
Result (Degrees) (Degrees) (Degrees) (Degrees) (Degrees) 
Excellent 12.0 (10 to 24) 4.0 (0 to 13) 16 
Good 13.0 (10 to 22 4.0 (0 to 22 17 
Satisfactory 10.5 ( 5 to 38) 5.5 (0 to 35) 16 
Poor 21.0 ( 9 to 29) 8.0 (0 to 15) 29 


From these last two studies, it is evident that the longer the period of observation, 
the more apparent are the hypertrophic and degenerative changes on the roentgenogram. 
It should be re-emphasized, however, that in none of the patients studied was pain an 
important factor, and in only one of the cases with roentgenographic evidence of arthritis 
was the patient’s endurance in the ankle significantly limited. 

5. Range of Motion (Table V, Figs. 7 and 8): In patients with a satisfactory result, 
there was usually approximately seventeen degrees’ motion of the foot on the leg. Three 
fourths of this range of motion was actually in the talotibial joint and one fourth was 


TABLE VI 


Resu_t CorRRELATED WITH FOLLOW-uP PERIOD 


Follow-up Excellent Good Satisfactory Poor 
Period Per Per Per Per 
( Years) No. No. Cent. No. Cent. No. Cent. No. Cent. 
5to 9 15 5 33.3 3 20.0 2 13.3 5 33.3 
10 to 14 12 2 16.6 2 16.6 6 50.0 2 16.6 
15 to 19 9 2 22.2 3 33.3 2 22.2 2 22 .2 
20 to 24 34 | (60 per 8 23.5 9 26.5 9 26.5 8 23.5 
Over 25 20 } cent.) 3 15.0 1 5.0 10 50.0 6 30.0 
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present in the remaining intertarsal and tarsometatarsal joints. In those patients with 
unsatisfactory results, there was usually either a bony or fibrous ankylosis of the ankle or 
an excessive range of motion, allowing plantar flexion beyond 120 degrees. 

6. Result Correlated with the Follow-up Period (Table V1): The highest percentage of 
poor results was in those patients followed for between five and ten years and in those 
observed for more than twenty-five years. The highest incidence of satisfactory results was 
in those patients observed for between ten and fifteen years after surgery. Some deteriora- 
tion in the results was noted in the group followed more than fifteen years. 

CONCLUSIONS 

1. Posterior bone block of the ankle is productive of permanent satisfactory correc- 
tion of drop-foot deformity in a high percentage of cases. 

2. If possible, the operation should be performed when the patient is between ten 
and twenty years of age. 

3. It should be done in conjunction with arthrodesis of the talonavicular, subtalar, 
and caleaneocuboid joints. Care should be exercised to preserve the circulation of the talus. 

4. Tendon transference should be done, when possible, after the principles laid down 
by Peabody and Crego and McCarroll. Better results are obtained when there is a balance 
of power between dorsiflexors and plantar flexors of the ankle. 

5. We prefer an intra-articular block, placed immediately posterior to the talus, so 
that it will impinge on the posterior lip of the tibia. 

6. This operation should be reserved for those patients who can be rendered brace- 
free thereby. 
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DISCUSSION 
Dr. BRANDON Carre, Daias, Texas: This paper was of particular interest to me, since we practically 
stopped doing posterior bone blocks in the Texas Scottish Rite Hospital for Crippled Children ten years ago. 
In the Southern Medical Journal of May 1939 (Vol. 32) my father and Dr. H. M. Childress reported 140 cases 
of posterior bone block done in the preceding ten years. The results, based on essentially the same criteria a8 
those set forth in this paper, but with a shorter period of follow-up, were quite similar,—namely, 79 per cent. 
satisfactory and 21 per cent. unsatisfactory. We had two principal objections to the procedure,—that it tends 
to become gradually less effective with strong unopposed plantar flexors and that, when combined with triple 
arthrodesis, it was a rather difficult. technical procedure for our residents. 
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In the search for a more suitable method of overcoming foot-drop, it was decided to try a series of stabi- 
lizations of the Lambrinudi type. In the past ten years, we have done ninety-eight Lambrinudi stabilizations 
and only six posterior bone blocks in a total of 644 triple arthrodeses. A follow-up study has not yet been 
completed, but I have recently gone over all of the charts. I am better satisfied with these than with bone 
blocks, although the percentage of failure is running about the same and for the same reason, chiefly in the 
so-called dynamic group. It is a much simpler procedure, being little more difficult than the usual triple 
arthrodesis and, when done correctly, definitely limits plantar flexion. 

Even in the failures, a bone block can later be done if indicated, decreasing the percentage of failure. 
Although I do not particularly favor bone blocks as an initial procedure, I would like to compliment the 
authors on the thoroughness of their study and upon the excellent manner in which the material was pre- 
sented. 


Dr. Joun Royat Moore, PHILADELPHIA, PENNSYLVANIA: Dr. Campbell began his bone-block opera- 
tions in 1921. He was undoubtedly stimulated by a report from a committee appointed by The American 
Orthopaedic Association to investigate the different operations for drop-foot. This Committee, after studying 
the innumerable procedures available at that time, including tendo achillis lengthening, astra galectomy, 
panastragalar arthrodesis, triple arthrodesis, and muscle transplantation, declared that no operation existed 
at that time which could be recommended to take care of drop-foot. Dr. Campbell submitted his first report 
on the bone-block operation for drop-foot in 1929 at the joint meeting of The American Orthopaedic Associa- 
tion and The British Orthopaedic Association held in the British Isles. He submitted a follow-up of 142 cases, 
seventy-six children and sixty-six adults, and reported that 92 per cent. of the bone-block operations on 
children were successful and 90 per cent. of those on adults were successful. He explicitly stated that there 
were no cases of arthritis in the group and no mention was made of aseptic necrosis. The results and conelu- 
sions presented by the present authors differ fairly widely from those found by Dr. Campbell in his earlier 
paper. However, this can be partly explained by the fact that the follow-up of the present authors amounts to 
twenty years or more, whereas Dr. Campbell’s follow-up extended from 1921 to 1929 (eight years). 

From a careful analysis of the present paper, I am forced to conclude that one can expect a successful 
bone block,—that is, one free from pain and one that has a stop at 110 degrees, one that does not have aseptic 
necrosis and one that does not cause rapid fatigue, in approximately one out of five cases. Furthermore, it is 
quite evident that the bone block should not be done in flail feet or in the so-called dynamic foot (a foot of a 
person with strong calf muscles). It seems very important indeed to combine muscle balancing with the bone 
block whenever possible. This is quite far from Dr. Campbell’s early conclusions, and I think it shows beyond 
question the value of the long follow-up. 

I think the authors of the present paper should not feel discouraged concerning the conclusions which I 
have drawn. They have presented their facts thoroughly and honestly. The bone block still is the best pro- 
cedure for a paralytic drop-foot 


Dr. ALviIn J. INGRAM (closing): In answer to Dr. Carrell, I must state that, of necessity, the criteria for 
results were arbitrarily established, and the cases were studied as objectively as possible. Our hope is that 
this study will provide a yardstick for the comparison and evaluation of operations designed to correct para- 
lytic equinus deformities. Thus far, there has not been reported a comparable series of Lambrinudi procedures 
or Hoke triple arthrodeses in order to allow a true comparison of results. 

In answer to some of Dr. Moore’s remarks concerning the type of the bone block done, we believe that 
the fundamental mechanical principle is the same, whether you use a massive posterior block or a small intra- 
articular block. The chief reason we do not prefer the massive block is that it seems to result in a higher inci- 
dence of ankylosis. 

As for the types of stabilization which were done, we mentioned that all of these patients, except one, had 
a triple arthrodesis, usually of the Hoke variety. The stabilizations are comparable in every respect to a large 
series reported in 1939 by Crego and McCarroll, in which the results were unsatisfactory in 20 per cent. of 
their cases. In this series 17 per cent. were unsatisfactory, and this is of no statistical significance. 

As far as foot-drop in the fore part of the foot is concerned, we have mentioned that, and I showed a case 
which illustrated a poor result secondary to foot-drop of the fore part of the foot. I can hardly see how, with 
the figures we have presented, a person can draw the conclusion that the operation would be effective in only 
20 per cent. of the patients. There was no way in which the cases could be broken down to show anything 
like 80 per cent. of poor results. 

In conclusion, I would like to say that there are two matters pointed up by this study which I think 
would bear investigation in the future. One is the incidence of aseptic necrosis following the stabilization of 
the foot. No study has ever been made, which I know of, in a series of cases followed over a sufficiently long 
time to demonstrate the incidence of this complication. The second thing is the presence of arthritis. It is our 
firm belief that a considerable number of the hypertrophic arthritic changes mentioned are caused by the 
triple arthrodesis. 
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TRIPHALANGEAL THUMB 


BY HENRY MILCH, M.D., NEW YORK, N. Y. 


Triphalangism of the thumb would seem to be exceedingly uncommon and the ref- 
erences to it in the literature are correspondingly few. Because of this, the extra phalanx 
has occasionally been considered to be an exostosis and is most commonly given the 
misnomer of an “accessory ossicle”’. In the American literature, Haas appears to have 
been the first to direct attention to this anomaly. Noting the earlier reports of other 
observers, Haas added the records of three families, in which one or more individuals 
had thumbs with three joints. Lapidus and his associates have submitted two commu- 
nications and Miiller has written extensively on the subject. 

Several different theories have been advanced to explain this anomaly. Haas has 
expressed the opinion that “. . . in the normal, developing thumb the extra phalanx is 
assimilated by the distal phalanx’’. From this it would seem that the appearance of the 
third phalanx is evidence of an arrest in normal development. This is unlikely since, if it 
were so, the condition would be more commonly seen. 

Lapidus and his coworkers categorically reject this opinion in favor of the belief 
that “‘triphalangism of the thumb may be only an incomplete development of the distal! 














Fia. | 

Case 1. C. 8S. Amputations of the fingers of the left hand are traumatic. Both thumbs present con- 
genital anomalies. The left thumb shows an interposed small bone articulating proximally with the 
extended first phalanx and distally with the oblique surface of the base of the distal phalanx. The 
right thumb presents bifidism of the proximal phalanx. Each of the bifid elements presents a similar 
ossicle between the proximal and the distal phalanx. The ulnar half of the bifid thumb is seen in an 
anteroposterior view and shows the typical lateral curvature. The radial half is seen in a lateral view 
as if it had rotated 90 degrees. In this case, the base of the intercalated ossicle is directed toward the 
ulna. 
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Fig. 2-A Fic. 2-B 


Fig. 2-A: Case 2. D. R. Roentgenogram, made before the operation, reveals interposed bony ossicle 
with its base directed toward the radial side of the finger. 

Fig. 2-B: Roentgenogram, made four months after the operation, shows that the ossicle has been 
removed. The curvature, indicated by the shadow of the overlying skin, is still present because of the 
persistent wedging of the epiphysis of the distal phalanx. This tends to disappear with the normal 
growth of the epiphysis. 


part of one of the two nail phalanges of the bifid thumb” and that “the additional phalanx 
of the triphalangeal thumb is not a true middle phalanx similar to that of the lesser fingers, 
but a remnant of the base of one of the phalanges of a bifid thumb”’. Haas himself noted 
that ‘there was a peculiar duck-bill appearance of the end phalanx in several patients, a 
separation of the extra phalanx and other evidences of attempts at division” 

Without undertaking any critical analysis of the various theories of causation, it 
would seem that the theory of phalangeal bifidism offers a more satisfying and consistent 
explanation of the condition than does the earlier theory of developmental arrest. 


Cask 1. C.S., a Negro, aged thirty-seven years, first came to the out-patient department of the Hospital 
for Joint Diseases in January 1943, complaining of pain in the back. During the course of a routine examina- 
tion, anomalies of both hands were noted. 

It appeared that, a number of years before, the patient had suffered an injury to his left hand, as a 
result of which the terminal phalanges of the second and fourth fingers and the distal two phalanges of the 
middle finger had been amputated. 

Interest was primarily centered upon the thumbs,—the right thumb was definitely bifid. Though no 
careful examination of his genealogy was made, it was noted that other members of his family showed similar 
anomalous thumb formations. 

The patient had good grasping power and good motion in both thumbs, and there was no claw effect 
between the two parts of the right thumb. The explanation of this interesting anomaly was seen in the roent- 
genogram (Fig. 1). 

The metacarpal head of the right thumb was shown to be irregular, somewhat wedge-shaped, and articu- 
lated with the bifid proximal phalanges which were united at their proximal extremity. From this point, the 
bifid phalanges diverged almost at right angles. On an anteroposterior view, the ulnar portion of the bifid 
proximal phalanx was seen, while, in the lateral view, the radial portion of the bifid phalanx was seen as though 
it had been externally rotated 90 degrees. Placed between what appeared to be normal distal phalanges were 
wedge-shaped ossicles, the bases of which appeared to be mainly directed toward the ulnar side. In the radial 
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element, the intercalated bone was seen in the lateral view and its articulation with the terminal phalanx was 
overlapped by the base of the terminal phalanx, so that the two appeared to be fused. The terminal phalanges 
themselves were quite normal in size and contour. 

On the left hand, the interposed bone, lying on the volar aspect of the thumb, led to hyperextension 
rather than to a lateral deviation of the distal phalanx. The ossicle appeared wedge-shaped, and the articular 
surface of the distal phalanx had been correspondingly angulated. Because it did not interfere with his func- 
tion in the slightest, the patient refused any surgica! intervention. The curvature which this accessory ossicle 
caused did not seem to impair the function of the thumb for ordinary purposes. 

















Fia. 3-A 


Case 3. 8. R. Roentgenograms of both hands made shortly after birth. The earliest formation of the 
accessory ossicle is to be noted on the radial side of both thumbs between the proximal and distal 


phalanges. 























Fia. 3-B 


Case 3. Roentgenograms of the right thumb at the age of five and one-half years. The ossicle has 
become larger. It is to be observed that flexion occurs between the ossicle and the head of the prox- 


imal phalanx. 
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Fig. 3-C 


Roentgenograms of left hand show similarity to right. 


Considering the fact that function may be seriously impaired, correction of the de- 
formity by surgery in adult life is definitely contra-indicated. In children, the situation 
is entirely different; and it is then, if at all, that the correction of the deformity is possible 
without jeopardy to the function of the thumb. These deformities are occasionally seen in 
early childhood, when the importunities of a solicitous mother to prevent further curva- 
ture of the thumbs may present a real clinical problem, and surgical measures may be 
taken. 


Case 2. D. R., aged three, was admitted to the Hospital on February 2, 1949, suffering from a number 
of deformities. At birth a fracture of the right clavicle was incurred. Within a few days the mother noted that 
the right thumb was crooked, the left thumb was stiff, and there was webbing of the third and fourth toes of 
the left foot. During the preceding three years, the mother had noted that the curvature of the thumb was 
becoming progressively more marked. 

Examination of the left thumb disclosed a limitation of flexion at che metacarpophalangeal joint, which 
was thought to be due to a stenosing tendovaginitis. On the right hand, a marked ulnar curvature of the right 
thumb in the region of the interphalangeal joint was noted. The axis of the distal phalanx made an angle 
of 30 degrees with the axis of the proximal phalanx. Extension was limited at 170 degrees, and flexion at 90 
degrees. The roentgenograms revealed the typical interposition of a small wedge-shaped bony mass between 
the proximal and distal phalanges of the thumb. The base was directed toward the radial aspect of the thumb, 
and there was beginning pressure atrophy of the epiy hysis of the distal phalanx (Fig. 2-A). 

In view of the progressive nature of the deformity, operative removal of the bony mass was thought 
justifiable. On February 7, 1949, under general anaesthesia, a longitudinal, dorsolateral incision was made 
over the interphalangeal joint. When the joint had been opened, the small bony mass was found, wedged 
between the joint surfaces, but having no muscular attachment whatsoever. The mass was easily dislocated 
from the interarticular space. 

Because of the laxity of the joint, a small splint was applied to maintain the position until the joint 
laxity had been overcome. Healing was uneventful. When seen again in June 1949, the child had completely 
normal use of the thumb. There was no limitation of motion and no loss of power in the thumb. There was 
no abnormal mobility of the thumb. Except for the slight curvature which persisted, and was believed to be 
due to the pressure atrophy of the digital epiphysis, the roentgenographic appearance after the operation 
was normal (Fig. 2-B). 

This patient was seen again in March 1950, for follow-up purposes. The laxity had almost disappeared, 
but the curvature still persisted. 


Case 3. S. R., aged five and one half, was first seen September 1948. The mother noted a curvature of 
both thumbs at birth and roentgenograms (Fig. 3-A) showed a small accessory center of ossification on the 
radial side of the thumbs between the first and second phalanges. The mother was advised that nothing 


VOL, 33-A, NO. 3, JULY 1951 








696 HENRY MILCH 


could be done about this. However, the continuing and progressive ulnar deviation of the distal phalanges 
of both thumbs had again begun to worry the mother. 

The curvature of the thumbs was quite apparent; otherwise the thumbs seemed to be quite normal. 
There was no limitation of, nor abnormality in, motion. There was no change in either the sensation or the 
motor power of the thumb. The roentgenograms of both hands (Figs. 3-B and 3-C), with the thumbs ex- 
tended and then flexed, disclosed the progressive curvature and the increasing size of the ossicle. The triangu- 
lar ossicle was definitely independent both of the normal phalanx and of the epiphysis of the distal phalanx 
which it had somewhat deformed by pressure. It was observed, however, that the ossicle and the distal 
phalanx moved in unison and that flexion and extension occurred between the ossicle and the metacarpal 
head, 

Operation was advised but was refused by the mother. 

Case 4. A. J., aged seven, was first seen in the out-patient department in November 1948, because of the 
“erookedness” of both thumbs. There was no familial history of any similar deformity. The child had normal 
use of his thumbs, and it was solely for the correction of the curvature that relief was sought. 

The roentgenograms of both hands (Fig. 4-A) revealed that the curvature was due to the existence of 
small wedge-shaped bones lying between the heads of the proximal phalanges and the epiphyses of the distal 
phalanges. The base of the wedge, directed toward the ulna, caused a radial deviation of the distal phalanx 
and a pressure atrophy of the ulnar half of each phalangeal epiphysis. 

On February 2, 1949, the anterolateral ossicle was removed from the right thumb. The postoperative 
course was uneventful. 

When seen the following year at the Clinic, the motion of the right thumb was found to be quite normal, 
although a slight degree of abnormal lateral mobility still persisted. 

The roentgenograms (Fig. 4-B) revealed that the epiphysis of the distal phalanx on the right side had 
resumed growth and was in fact overgrown, due to release of pressure from the ossicle. The epiphysis of the 
distal phalanx on the left side showed greater retardation of growth at the point where the ossicle still pressed 
against it. 

The experience gained in these few cases served to emphasize some points in the 
management of such conditions. The curvature of the thumb in these four cases is due 
partly to the unequal growth of the ossicle and partly to interference with the growth of 
that portion of the epiphysis against which it presses. Since the effect of growth of the 
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Fig. 4-A 
Case 4. A. J. Roentgenograms of both hands before operation. Note wedge-shaped ossicles with 
bases directed toward the ulna. The phalangeal epiphyses are similarly shaped where pressure of the 
ossicle has retarded normal growth. 
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Fia. 4-B 


Roentgenograms made one year after the operation. On the right side, the ossicle has been removed. 
Though still deformed, the phalangeal epiphysis on the right side has resumed growth while that on 
the left is still retarded. 


ossicle itself is to exert pressure upon the corresponding portion of the phalangeal epi- 
physis, no effort at forcible correction by splint or brace should;be’attempted. Such force 
merely tends to more pronounced retardation in the growth of the epiphysis of the distal 
phalanx. 

If the diagnosis is established in infancy or in childhood, the ossic!e should be removed 
surgically. Only in this way can the deformity be overcome. Since the ossicle does not 
normally serve for the attachment of any muscle or ligament, its ablation does not in any 
manner alter the function of the thumb. The sooner it is removed, the less is the danger 
of capsular laxity or epiphyseal damage. In the child, the operation is simple and any 
defect can be quickly overcome by resumption of normal epiphyseal growth. In the adult, 
surgery is contra-indicated. 
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THE MOTOR AGE TEST: MEASUREMENT OF MOTOR HANDICAPS IN 
CHILDREN WITH NEUROMUSCULAR DISORDERS SUCH AS 
CEREBRAL PALSY 


BY MOULTON K. JOHNSON, M.D., FREDERICK N. ZUCK, M.D., AND 
KATHLEEN WINGATE, R.N., P.T., ROCHESTER, NEW YORK 


From the Department of Surgery, Division of Orthopaedics, University of Rochester 
School of Medicine and Dentistry, Rochester, and The Edith Hartwell Clinic, 
LeRoy, New York 


A considerable number of institutions have had large scale experience with cerebral 
palsy for one or more decades. This experience is reflected in the medical literature. A 
review of the literature reveals a wealth of impressions and recommendations, but a paucity 
of precise facts and figures. The lack of factual information makes it impossible to answer 
such important questions as: What percentage of patients with cerebral palsy can be 
brought to physical and economic independence through therapy? What percentage of 
patients with cerebral palsy will become productive citizens without assistance? What 
are the most efficacious methods of treating the various manifestations of cerebral palsy? 

The reason for this state of affairs is quite simple: We are unable to describe the pa- 
tient with cerebral palsy in any way which lends itself to a statistical analysis; paragraphs 
of description cannot yield the statistics which are required. 

In an attempt at a partial solution of this problem, we determined to devise a test of 
motor function or ability which would yield a score comparable to the intelligence quo- 
tient.* Such a test would enable us, within the limits of the test itself, to objectively grade 
a child’s motor age, to record his progress under various forms of therapy, and to compare 
the progress of different children with one another, regardless of differences in age or 
severity of motor handicap. 

Because a normal six-year-old child has all the motor abilities necessary for physical 
independence and for future economic independence, our test has been designed to cover 
the span of neuromuscular maturation from birth to the age of six years. Any child who 
possesses all the motor abilities of a normal six-year-old child would not be a candidate for 
therapy. 

In developing the various sections of the test, we drew freely upon Gesell’s studies on 
the normal development of children. In each instance, the test situation has been defined 
as rigidly as possible in order to make test scores reproducible and to eliminate the influ- 
ence of bias on the part of the examiner. Many of the more complex skills of the upper 
extremities, such as feeding one’s self, defy objective evaluation. Therefore, artificial 
situations and mechanical devices which require essential skills for the proper performance 
of the test have been designed. Further, the artificial situations have been set up in such 
a manner that clear-cut answers of success or failure can be obtained. Each test item has 

been designed in such a way as to remove the variable of intelligence from performance, 
in so far as possible; and each test item has been standardized by trials on normal children. 

Because the functions of the upper extremities are more important to a person’s 
physical and economic independence than are those of the lower extremities, and because 
many patients have significant involvement only of the lower extremities, the motor-age 
test is divided into two parts. The first part evaluates the motor function of the upper ex- 

* The decision to devise our own test of motor function was not made without consideration of pre- 
vious efforts. The use of The Physical Demands of Daily Life® was rejected because its component items do 
not. lend themselves to objective analysis. The single set of standards was designed for adults and is not 
applicable to children of various ages. It has been found that the Oseretsky tests” cannot, for technical rea- 
sons, be administered to many of the patients with the severe motor handicaps so frequently associated 
with cerebral palsy. 
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tremities, and the second part evaluates the motor function of the trunk and lower ex- 
tremities. 

Each test item has been assigned a value, the value being determined by the number 
of items used in the section at a particular age level and the number of months between 
that age level and the next lower age level tested. (For example, two test items are used in 
examining lower-extremity function at the age of thirty-six months; the next lower level 
tested is thirty months, the difference between which is six months; therefore, each of the 
two test items used at the level thirty-six months has been assigned a value of three 
months.) When the motor-age test has been completed, the values of all the test items 
successfully accomplished are added; the total score is the motor age in months. By 
dividing the patient’s chronological age into the motor age of (1) the upper extremities 
and (2) the trunk and lower extremities, indices of motor disability or handicap are de- 
rived. These indices have been designated the Upper Motor Quotient (UMQ) and the 
Lower Motor Quotient (LMQ), respectively. Progress, in terms of months of motor age 
gained, may be correlated with such variables as the type or duration of therapy, diagnosis, 
and intelligence of the patient. 

We have used the motor-age test routinely on all patients at The Edith Hartwell 
Clinic for the past eighteen months. We have found no sign of practice effect, and test 
scores obtained by one observer have been independently reproduced by other observers 
on the same patients. Once physical therapists have become familiar with the techniques 
of the test, the average patient can be tested in from twenty to forty minutes, depending 
upon the degree of handicap. The employment of the motor-age test during this brief 
period has already enabled us to draw certain conclusions which have placed our prognoses 
on a more sound basis. 

TESTING DIRECTIONS 

In administering the examination, it is rarely necessary to test the patient on all 
the items. If for example, in the upper-extremity division (Fig. 1), the patient is able to 
perform all items at twenty-one and twenty-four months, it may be assumed that he can 
perform all items below twenty-one months. Similarly, if he fails all items at thirty-six and 
forty-eight months, it may be assumed that he will fail all items above forty-eight months. 

In general, the patient should be allowed to try each test three times before a failure is 
scored, since the examination is designed to measure maximum ability rather than average 
performance. Furthermore, if the patient becomes bored or tired during the testing and is 
obviously not functioning well, it is desirable to finish the examination at another time. 
When practical, the examination should not be administered until the examiner has 
established some rapport with the patient, especially if the patient is young or is in a new 
environment. 

As previously stated, the examination is divided into two divisions: the upper- 
extremities division (Fig. 1), and the lower-extremities and trunk division (Fig. 2). There- 
fore, when the upper extremities are examined, the patient should be wearing any of the 
braces which he normally wears to stabilize his legs or his trunk or both. If the patient 
wears braces or other supportive apparatus, such as thumb stalls or plaster splints, on the 
upper extremities, he should be examined with and without such apparatus, the scores 
being entered in the Brace Score and No Brace Score columns, respectively. Similarly, the 
lower extremities and trunk should be examined with and without the patient’s usual 
bracing. If time does not permit testing both with and without braces, the examination 
should be made without braces. All braces and apparatus worn during the testing should 
be indicated in the appropriate spaces on the examination form. 

As the patient is examined, successes on each test item should be recorded on the 
examination form by encircling the score value for the particular test item; failures should 
be recorded by blocking out the score value of the test item. When the examination is 
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THE EDITH HARTWELL CLINIC 
MOTOR AGE EXAMINATION 


| 
NAME; ,: DIRECTIONS: Encircle score of all test items i 
mre: t-_5- 0 performed satisfactorily; cross out score of ; 
. +> A-..40. 7 items failed. Add encircled scores; total | 
. in m equals motor age in months. All patients to 

BIRTH DATE: g-32-42 be examined without braces (except upper ex- 

tremities to be examined with trunk-supporting 

braces); examination with braces optional. 

Describe any braces worn at time of exam., e.g. | 

Upper extremities examined while wearing double 
long-leg braces with pelvic band for trunk support. | 
UPPER EXTREMITY. Trunk braces: ( ) Full control; ( ) long leg = pelvic band; j 

( ) pillow splint; ( ) shoulder jacket; ( ) other 
No No 
Brace Brace Brace Brace | 
ore Score Score Score 
hmoe Holds rattle 4 SUBTOTAIS 
7mos Grasps 1" cube, 1 66mos 2-meter spool winding 
Thum participating, 1 20 sec. a 2.6 
Transfer to other hand 1 


45 pegs in 140 sec. —_ «7 
10mos Pick up #" bead precisely, 5 pegs in board with 
= 





thumb and 1 finger 5 forceps in 60 sec. 
l2mos 4" bead in 2" bottle 1 3 button circuit 10 sec.. 

Tower of two 14" cubes 1 best hard 10 —_ «47 
18mos Tower of 3 6 worst hand 9 — «(oT 
2lmos Tower of 5 3 Horizontal 2-pairs-button 
Qhmos Tower of 6 1 circuit 10 sec. 6 wae <t 

Turn 8 singly (4 of 6) 1 Vertical 2-pairs-button , 

String 3" bead with needle 1 circuit 10 sec. 6 —_ .7 
30mos Tower of 8 3 Screw knob best hand 

Use regular crayon with 55 sec. we =. 6 

finger grip 3 worst hand 60 sec, we 26 
36mos Tower of 9 3 72mos Electric star 6 6 

10 (") pellets in 2" Qemeter spool 15 sec. .6 46 f 

bottle in 30 sec. be 5 pegs in board with 
48mos 10 pellets in 25 sec. 3 forceps 35 sec. 6 5 ; 

Electric circle 3 45 pegs in 130 sec. 06 5 

3-button circuit 10 sec. 3-button circuit 10 sec. } 

best hand 9 ° 1.5 best hand 11 6 06 

worst hand 8 1.5 worst hand 10 6 6 

45 1/8 by 2" pegs into Horizontal 2-pairs-button 

board from dish 180 sec, = 3 cireuit 10 sec. 8 6 & oa 
60mos Electric square = 866 Vertical 2epairs-button { 

10 pellets in 20 sec. oe 6 circuit 10 sec. 7 6 6 } 

SUBTOTAIS Q Screw knob | 
y best hand 50 sec. 6 6 } 
worst hand 55 sec. 6 06 
TOTAIS us 
Examiner: (CC. O. 
Fia.' 1 


Score form used for the upper-extremity division of the motor-age test. The scores of patient J.B., 
a boy, seventy-five months old, with a diagnosis of spastic paraplegia, are recorded on the form. The 
values of the successfully completed items (which are encircled) total forty-five months. Dividing the 
motor age (forty-five months) by the chronological age (seventy-five months), an Upper Motor Quo- 
tient (UMQ) of sixty is obtained. Despite the absence of grossly visible abnormalities of neuromuscular 
function in the upper extremities of this patient, his performance is decidedly below normal. 


-_ — 


— 


completed all encircled (success) values are added up, and the sum is equal to the upper- 
extremity or lower-extremity motor age, as the case may be. | 
SPECIFICATIONS AND DIRECTIONS FOR INDIVIDUAL TEST ITEMS 


A. The Upper-Extremity Test (Fig. 1) 
Motor age, 4 months. 
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The patient holds rattle when placed in his hand. Score success if completed with one or both hands. 
Motor age, 7 months. 

Item 1: The patient grasps a one-inch cube with one hand in any fashion. 

Item 2: Score success if the thumb is used in Item 1. 

Item 3: Score success if the patient is able to transfer the cube used in Item 1 from one hand to 


~~ 


the other. 
Motor age, 10 months. 
The patient picks up a quarter-inch bead (with flat ends) with the thumb and an opposing finger. 
Motor age, 12 months. 
Item 1: Score success if the patient is able to pick up a quarter-inch bead (Fig. 3) in any fashion and 
| drop it into a glass jar with an opening two inches in diameter. 
) Item 2: Score success if the patient is able to place one one-and-one-half inch cube on top of another. 
; 
\ LOWER EXTREMITY: Breces: ( ) Full control; ( ) Longleg pelvic band; 


( ) Bilateral short calipers; ( ) Single (R) (L) short caliper; 
J. B. (J Pillow splint; ( ) Other 


Y-5-50 = () None 
If failure of test situation due to arm abnormality indicate: 





es 


Brace 
Score 
4mos Sits, back support, tallor or long, on mt. 
Head balance almst mstered. 
7mon Sits 1 min. floor, no support, tailor or long. 
10mos Rolls, both ways, complete revolutions, 
Stands holding on to furniture. 
Creeps any fashion, prone or handseand-cwes position. 
l?mos Creeps reciprocally, hands-and-knees or 211 fours. 
Pulls up on furniture to standing. 
15mos Walks with stop-atart ability (4 of 6 tries). 
18mos Runs stiffly. 
Up and down standard stairs with rail, any fashion. 
Seats self in suitably-sized chair with arms, awry 


ee 
~~ 


erERP ©} 00G900000 fj 


from wall. 
{ 2lmos Walks downstairs, holding tech. by 1 hand. 
Walks upstairs, holding rail (1 or 2 hands). 
? 24mos Runs 50' without falling. 
Walk: downstairs, holding rail (1 or 2 hands). 
} 30mos Jumps, both feet in place. 


36mos Stairs, up and down, alternating feet, no rail or hand 
Jumps from botton step landing on both feot simil- 
taneously without falling. 
4Omos Stands on one foot, 2 sec. (Score if successful on 
either foot). 
48mos Running bfoadjump, 12" 
Standing broadjump, 6" 
54mos Hop forward on one foot. (Score if successful on 
either foot). 
60mos Skip with alternato feet. 
Stand on one foot 8 sec. (Score if successful on 


—_———~ oo 


s4tt 4 444 & 4QIQQe EOleaDegEe° 


Ihde bd HHH Hf 


f either foot). 

| Walk 10° line 1" wide, no faulte. 

} 7émos Jump from 12", landing only on toes, 
: Stand on alternate feet, eyes closed. eae. a 
Toms: 9) 5 ies 
r ' 

EXAMINER : . Yne 4. 





" } Fia. 2 

Score form used for the lower-extremity division of the motor-age test. Again the scores of patient 
J.B. are recorded. When the child was wearing a Frejka pillow splint, because of subluxated hips, the 
lower-extremities motor age was eighteen and one-half months; when he was not wearing the splint 
the lower-extremities motor age was twenty-one and one-half months. These motor ages divided by 
the chronological age (seventy-five months) yield Lower Motor Quotients (LMQ) of twenty-five 
months and twenty-nine months respectively. 
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Fia. 3 
Apparatus used in the upper-extremity division of the motor-age test. 1: The supination-pronation 
screw knob. 2: Spool with cord. 3: Pegboard with metal pegs. 4: Cubes. 5: Forceps. 6: String with 


ny 


shoe-lace tip and large beads. 7: Glass jar. 8: Saucer and beads. 


Motor age, 18 months. 

Score success if the patient builds a tower with three one-and-one-half inch cubes (Fig. 3). 
Motor age, 21 months. 

Score success if the patient builds a tower with five cubes. 
Motor age, 24 months. 

Item 1: Score success if the patient builds a tower with six cubes. 

Item 2: Score success if the patient turns, one at a time, four out of six pages of a child’s book (with 
pages of thick, rough paper). 

Item 3: The patient must string a bead one inch long, with a hole one-half of an inch in diameter, 
on a string equipped with a long shoe-lace tip, measuring two inches by one-eighth of an 
inch. 

Motor age, 30 months. 

Item 1: Score success if the patient builds a tower with eight cubes. 

Item 2: Score success if the patient is able to hold a regular-size crayon with thumb-and-a-finger 
grip (adult grip); scribbling constitutes use of the crayon. 

Motor age, 36 months. 

Item 1: Score success if the patient builds a tower of nine cubes. 

Item 2: Ten beads are placed in a deep saucer on the better-hand side of a glass jar with an opening 
two inches in diameter. Score success if patient is able to pick up ten beads one by one 
from the saucer and drop them into the glass bottle in thirty seconds. 

Motor age, 48 months. 

Item 1: Score success if ten beads are picked up one by one and are dropped into the glass jar in 
twenty-five seconds. 

Item 2: The electric circle consists of a circular aluminum track mounted flush with the top of a 
wooden base (Fig. 4). The diameter of the outer edge of the track is six inches; the diameter 
of the inner edge is four inches, the track is one inch wide. The aluminum track is connected 
to one pole of a series-connected pair of No. 6 dry-cell batteries. The remaining battery 
pole is connected by an insulated flexible wire to one contact of an ophthalmoscope light 
bulb. The bulb is mounted inside the case of a mechanical pencil, made of transparent 
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plastic, near the point. The other contact of the bulb is connected to the met. tip of the 
pencil, so that when the pencil tip is touched to the circular track, the circuit is completed 
and the bulb is lighted. Success is scored if the patient is able to trace the circle with the 
pencil without breaking the circuit, keeping the light on. 

Item 3: The three-button circuit consists of three push buttons mounted on a wooden base, each 
button so placed that its center is six inches from the centers of the other two but- 
tons (Fig. 5). The button must be of the microswitch type which requires a minimum of 
pressure and which requires thumb or finger-tip pressure for operation but which will not 
respond to palm or fist pressure. The buttons are connected in parallel so that pressure on a 
single button will complete a circuit consisting of the button, a 714-watt, 15-volt lamp 
bulb, and a transformer suitable for converting the available power supply to 15 volts, the 
three items being connected in series. Pressure on a single button will cause the bulb to 
light. The patient is instructed in the operation of the apparatus and is then timed to see 
how many times he can light the bulb by pressing alternate buttons in ten seconds. For motor 
age, 48 months, score success if the patient lights the bulb nine or more times with the better 
hand. 

Item 4: Score success if patient lights the bulb eight or more times in ten seconds by pressing alter- 
nate buttons of the three-button circuit with the worse hand. 

Item 5: Forty-five metal pegs, one-eighth of an inch by two inches, are placed in a deep saucer on 
the better-hand side of a wooden pegboard (Fig. 3). The board contains forty-five holes, 
three-fourths of an inch apart, and they are arranged in a cross six inches high and six inches 
wide; each arm and the center square contains nine holes apiece. The patient is timed as he 
transfers the pegs, one at a time, to the board; any pegs dropped are replaced in the saucer 
by the examiner. Success is scored if the patient transfers the forty-five pegs from the saucer 
to the board in 180 seconds or less. 

Motor age, 60 months. 

Item 1: The electric square is constructed in much the same manner as the electric circle. The out- 
side dimensions of the track are five inches by five inches, and the track is one-half inch 
wide (Fig. 4). Success is scored if the patient is able to trace the square without error. 

Item 2: Success is scored if the patient is able to transfer ten beads from the saucer to the glass jar 
in twenty seconds. 





O 














Fig. 4 
Apparatus used in the upper-extremity division of the motor-age test. 9: Electric circle. 10: Electric 
square and pencil-mounted light bulb. 11: Electric star. 12: Battery box containing series-connected 
No. 6 dry-cell batteries used for power source for electric circle, square, and star. 
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Fia. 5 


Apparatus used in the upper-extremity division of the motor-age test. 13: Three-button circuit. 
14: Horizontal circuit board. 15: Vertical circuit board. 16: Transformer box containing 115 volts con- 
verted to 15-volt power source. 


Motor age, 66 months. 


Item 1: 


Item 2: 


Item 3: 


Item 4: 


Item 5: 


Two yards of light-weight cord are attached to a wooden spool one and one-half inches long 
and one inch in diameter (Fig. 3). (These measurements ignore the raised edges at the end 
of the spool.) The time necessary for the patient to wind the cord onto the spool is clocked. 
If any turns are wrapped around the patient’s fingers or hand, the time is invalidated and 
the item must be repeated. Success is scored if the patient winds the cord onto the spool in 
twenty seconds or less. 

Success is scored if the patient transfers forty-five pegs from the saucer to the board in 140 
seconds. 

The saucer, board, and five of the pegs used in Item 2 and a pair of toothless, six-inch 
surgical forceps are used (Fig. 3). Successes are scored according to the length of time neces- 
sary to transfer the five pegs from the saucer into the holes of the pegboard with the forceps. 
Score success if the five pegs are transferred from the saucer and piaced in the board in sixty 
seconds. Any pegs dropped are replaced by the examiner. (The patient should be instructed 
in the most efficient way to hold the forceps.) 

Score success if the patient lights the bulb (by alternate circuits) of the three-button circuit 
ten times in ten seconds with the better hand. Score success if the patient lights the bulb (by 
alternate circuits) nine times with the worse hand, in ten seconds. 

The horizontal circuit board consists of two pairs of push buttons, as described on the three- 
button circuit board, mounted on a wooden base (Fig. 5). The buttons of each pair are 
mounted five and one-half inches between centers, and the front or near pair is mounted 
four and one-half inches (between centers) from the back or far pair. The buttons of each 
pair are connected to their pair-mates in series, so that when both members of a pair are 
pressed, a 714-watt, 15-volt bulb (powered by the transformer described earlier) is lighted. 
The patient is instructed to light the bulb by pressing alternate pairs of buttons. Successes 
are scored according to the number of times the bulb is lighted (by alternate circuits) in ten 
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seconds. Score success if the patient lights the bulb (by alternate circuits) six or more times 
in ten seconds. 

Item 6: The vertical circuit board is electrically similar to the horizontal board. However, the push 
buttons are mounted back-to-back on the sides of a vertical wooden base. The upper pair 
is six and one-half inches (between centers) above the lower pair, and the buttons of each 
pair are ten and one-half inches between centers. A bulb is lighted by pressing both buttons 
of either pair simultaneously. The patient lights the bulb by pressing the buttons of the 
two pairs alternately. Successes are scored according to the number of times the bulb is 
lighted by alternate circuits in ten seconds. Score success if the bulb is lighted six times (by 
alternate circuits) in ten seconds. 


ee 


Item 7: The supination-pronation screw knob consists of a bolt fitted with a round wooden handle 

} three-fourths of an inch thick and two inches in diameter at the head or the non-threaded 
end (Fig. 3). The bolt is threaded with twenty-one turns. The mating nut is mounted in a 

} vertical upright which can be clamped to a table top for stability. The bolt is barely started 
in the nut by the examiner. The patient screws the bolt in as far as it will go and then un- 
screws it until the bolt falls out. Success is scored according to the length of time required 
for this operation. Success is scored if the patient does the whole operation in fifty-five 
seconds with his better hand or in sixty seconds with his worse hand. 

Motor age, 72 months. 

Item 1: The electric star (Fig. 4) is constructed in a manner similar to the electric circle previously 
described. The star has six points, the points lying on a circle six inches in diameter. The 
track of the star is five-eights of an inch wide. Success is scored if the patient is able to trace 
the star without error. 

Item 2: Score success if patient winds cord onto wooden spool in fifteen seconds or less. 

Item 3: Score success if the patient transfers five pegs, one at a time, from the saucer with a forceps 
and places them in the pegboard in thirty-five seconds. 

Item 4: Score success if the patient transfers forty-five pegs, one at a time, from the saucer to the 
board in 130 seconds. 

( Item 5: Score success if the patient lights (by alternate circuits) the bulb connected with the three- 
button circuit eleven times with the better hand and ten times with the worse hand, in ten 
seconds. 

Item 6: Score success if the patient lights (by alternate circuits) the bulb of the vertical circuit board 

f seven times in ten seconds. 
Item 7: Score success if the patient completes the supination-pronation screw-knob operation in 
5 fifty seconds with his better hand and in fifty-five seconds with his worse hand. 
B. The Lower-Extremities and Trunk Test (Fig. 2) 

ng Motor age, 4 months. 

nd | Item 1: Score success if the patient is able to sit on a mat, leaning against the wall with his legs 

od partially extended and abducted, or with his legs crossed (tailor fashion). 


Item 2: Score success if the child, while held upright in the sitting position, is able to-raise his head 
so that the chin is not resting on his chest, at least momentarily. 
Motor age, 7 months. 


= 
5 
—- . ee 


Score success if the child is able to sit alone (without back rest) one minute on the floor, supporting 
himself on his hands if necessary. Disregard head posture. Legs may be in any position. Trunk must 


- not flex forward more than 45 degrees from the perpendicular. 

we Motor age, 10 months. 

Item 1: Score success if the child is able to roll, making complete revolutions both Ways. — 

red Item 2: Score success if the child, when placed in position, is able to grasp a supporting object and 


bear own weight for thirty seconds. (If patient’s hand function is so poor that he cannot 
grasp, this item should not be scored against him.) 


= 
= 


Item 3: Score success if the child is able to drag his body along in any fashion a distance of six feet. 


in one minute, using arms or legs or both, not necessarily in a coordinated movement. (Pro- 
. gression in sitting position using arms is scored as success.) 
one Motor age, 12 months. 
ted h Item 1: Score success if the child is able to creep six feet in fifteen seconds on all fours in reciprocal 
ach motion with trunk off floor. 
are } Item 2: Score success if the child is able to pull himself up in a play pen (or on some other similar 
‘ed. support from the floor) using one or both hands, and maintain his position. 
08 Motor age, 15 months. 
ten Score success if the child is able to walk six steps, stop, then start again without falling. 
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Motor age, 18 months. 

Item 1: Score success if the child is able to hasten walking step into a stiff running gait and run 
fifty feet without falling. 

Item 2: Score success if the child is able to climb standard stairs without rubber treads in any fashion 
unassisted by examiner. (Any method selected by child is acceptable, such as crawling, sit- 
ting, walking, with or without the aid of the hand on rail or wall.) 

Item 3: Score success if the child is able to seat himself in an arm chair of suitable size (proportional 
to size of patient), the chair being unsupported by either the examiner or wall. 

Motor age, 21 months. 

Item 1: Score success if the child is able to walk down six standard-riser steps, holding one hand of 
examiner. (Examiner is to assist only in maintaining balance and is not to give true support.) 

Item 2: Score success if the child is able to walk up six standard stairs using one or both hands on 
rail or wall, unassisted by examiner. 

Motor age, 24 months. 

Item 1: Score success if the child is able to run fifty feet without falling and with agility, that is, 
normal running. 

Item 2: Score success if the child is able to walk down stairs using one or both hands on rail or wall, 
without assistance from examiner. (Not necessarily reciprocating.) 

Motor age, 30 months. 
Score success if the child is able to jump in place, getting both feet off the floor together. 
Motor age, 36 months. 

Item 1: Score success if the child is able to walk up and down six standard stairs without assistance 
of examiner, rail, or wall, using alternate feet, and placing only one foot on each step. 

Item 2: Score success if the child is able to jump down from the bottom step (average height riser) 
to floor, landing on both feet simultaneously, and maintaining balance without holding. 

Motor age, 42 months. 

Score success if the child is able to maintain standing balance (without holding) on one foot for two 

seconds. 

Motor age, 48 months. 

Item 1: Score success if the child is able to run six feet and (without stopping at jump line) make a 
broad jump of twelve inches, landing with both feet together. 

Item 2: Score success if the child is able to stand still, both feet together, and jump six inches, 
two feet together, landing with feet together, and maintain balance (without holding). 

Motor age, 54 months. 
Score success if the child is able to hop four steps forward on one foot. (Score success if successful on 
either foot; patient is not required to perform successfully first on one foot and then on the other.) 
Motor age, 60 months. 

Item 1: Score success if the child is able to skip a distance of ten feet using alternating feet. 

Item 2: Score success if the child is able to hold his balance on a single foot for eight seconds. 

Item 3: Score success if the child is able to walk ten feet on a line one inch wide. It is not necessary 
to tread squarely on the line, but some part of the foot must touch it at each step. 

Motor age, 72 months. 

Item 1: Score success if the child is able to jump from a platform twelve inches high, landing only 
on the toes of both feet simultaneously (and then coming down onto heels), maintaining 
balance without holding. 

Item 2: Score success if the child is able to balance himself momentarily on one foot and then 
change to the opposite foot, keeping the eyes closed throughout. Marking time in place is 
not enough to score success; the patient should be on a single foot long enough for the 
examiner to see that he has attained balance, and then he must shift to the other foot and 
attain balance; the eyes must be closed throughout. 


DISCUSSION 


In terms of accuracy and reliability, the motor-age test obviously cannot be compared 
with the various types of aptitude tests which have been worked out on a large, expensive 
scale by cooperative testing organizations with a background of considerable experience. 
On individual test items, for example, it may be argued that the assigned motor age is 
incorrect. Such errors, if present, are consistent; and therefore they do not affect the calcu- 
lated rate of progress made by patients under therapy. As stated, no practice effect has 
been noted, and test results are reproducible. The effects of variations in intelligence and 
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emotional status are unknown, although we have attempted to eliminate the factor of 
intelligence from the performance of the test, in so far as possible. 

Despite these limitations, the authors feel that the motor-age test is a useful, though 
an imperfect tool. It has stimulated objectivity on the part of therapists and physicians; 
and has produced numerical data adaptable to statistical analysis, which are far more 
valuable than qualitative descriptions. 
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OPERATION FOR HABITUAL DISLOCATION OF THE ELBOW 
BY O. KAPEL, M.D., COPENHAGEN, DENMARK 


From the Surgical Department of the Copenhagen County Hospital, Gentofte 


Habitual dislocation of the elbow is a rare disability, in marked contrast to the rela- 
tively frequent occurrence of this condition involving the shoulder and patella. A survey 
of the literature revealed only five reported cases. These represent a rather heterogeneous 
group, comprising a medial dislocation of both radius and ulna occurring in flexion (Al- 
bert) ; a subluxation of the head of the radius accompanying flexion (Wendel) ; a divergent 
dislocation occurring in flexion, the radius going anteriorly and laterally, the ulna pos- 
teriorly and medially (Heusner) ; and finally, two posterior dislocations of both bones, one 
occurring in extension (Stapelmohr), while in the other (Bloch) the position was not 
specified. 

Since 1943 two cases of true posterior recurrent dislocation of the elbow have come 
to the author’s attention. One of these was operated upon seven years ago and has been 
followed up to the present time. In view of the rarity of this condition and the success of 
the relatively simple operative procedure employed, publication of these casesseems justified. 

Case 1. A wig-maker, single, twenty-one years old, was admitted to Copenhagen County Hospital, June 
15, 1943 (Rec. No. 1636/43), complaining of recurrent posterior dislocation of the left elbow. 

Family and past history were non-contributory. 

Present Illness: Dislocation of the left elbow occurred first at the age of five or six years when the patient 
fell into a hole he was “helping” to dig. Since then he had had recurrent posterior dislocations of the left 
elbow and occasionally of the right elbow as well. These resulted from slight and indifferent trauma, as, for 
example, in gymnastics when he had to vault over the horse. As a rule, he was able to effect reduction him- 
self, but. not infrequently medical assistance was required. After each dislocation there was swelling and 
tenderness in the elbow for some time, and he would have to carry his arm in a sling. The disability from 
this was such that he had been unable to pursue the trade of his choice, cabinet-making, and in addition, 
was incapacitated for his present occupation, assisting his father as a hairdresser and wig-maker. He was 
constantly uneasy about his left elbow because of repeated dislocations consequent to the slightest move- 
ment. Recently he had been called to duty for civilian defense, having been rejected previously for military 
service because of his elbow. On one occasion, when he was commanded to stand at attention, his left elbow had 
dislocated. Shortly after this he was admitted to the Hospital. 
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Physical Examination: The left arm was carried in a sling; the elbow was swollen and tender. There 
was distinct atrophy of the radial group of muscles, as compared to those on the right side. Although the 
contour of the joint seemed normal when viewed from the front, the lateral view revealed slight dorsal dis- 
placement of the forearm in relation to the upper arm when the elbow was extended or slightly hyperex- 
tended. Both elbows in the extended position showed unquestionable lateral-medial laxity. The examination 


Fig. 1-A Fia. 1-B 


was otherwise negative. 















Roentgenograms showed on the left (Fig. 1-A), posterior dislocation, and on the right (Fig. 1-B), pos- 
terior subluxation in the position of extension. When flexed, however, both joints appeared normal except 
for the rather shallow semilunar notch. 

Treatment: Since the patient was incapacitated, operative treatment seemed justified. This was per- 
formed under ether anaesthesia, utilizing two incisions, one anterior and one posterior, the latter extending 
not quite to the top of the olecranon process. Through the former, the biceps tendon was identified and 
followed to its insertion. This tendon was then split longitudinally in a proximal direction to include some 
of the muscle. The lateral half was divided at its upper end, making a strip of tendon and muscle measuring 
12 by 1 by 1 centimeters which was still attached distally to the radial tuberosity. The free end of this was 
then pulled into the posterior incision through the substance of the brachialis and through a hole drilled in 
the thin lamina of bone separating the coronoid and olecranon fossae (Fig. 2). Here it was sutured to the tip 
of the olecranon and the tendon of the triceps with the elbow at 90 degrees of flexion. In a similar fashion, 
a strip from the center of the triceps tendon, measuring 10 by 1 by 1 centimeters, free proximally and left 

attached distally, was mobilized and 








TRICEPS pulled through the same hole in the op- 
j HT | posite or anterior direction and sutured 
; \ || || j to the coronoid process or deep fibers of 
eT | i) the brachialis with the elbow also flexed 
i {! to 90 degrees. The two remaining por- 
; I/ tions of the triceps tendon were then 
fa [dif approximated in the mid-line with 

1} ; HH sutures and both wounds were closed. 
Bracwiaus _—_ | é I] Postoperatively the elbow was im- 
‘J t mobilized in flexion of 90 degrees. This 
«| position was adopted since it was de- 

14 


sired to have both straps tighten an- 
teriorly in extension, thus checking both 
the radius (with the biceps strap) and 
the ulna (with the triceps strap) from 
slipping backward in extension and thus 
dislocating posteriorly. 

Postoperative Care: The wound was 
dressed and the sutures were removed on 
the eighteenth day. A new cast was 
applied three days later and immobiliza- 
tion in flexion of 90 degrees was con- 

tinued for three weeks more, a total of 
x six weeks. Gradual mobilization was 
then started and nine weeks postopera- 
tively the patient had full flexion and 
extension of 135 degrees, the elbow being entirely stable. After eight months he was back at work with free 
motion in all planes, In full extension there was some lateral-medial laxity, but he had not had a recurrence. 
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Follow-up examination in 1950, seven years after operation, revealed that he was still working and had 
not had a recurrence of the dislocation on the left, the side operated upon. He had, however, had two dis- 
locations on the right side. Operative treatment did not seem indicated on the right side at that time. 


Case 2: A barber, twenty-eight years old, came to the author’s attention in 1949. At the age of thirteen 
or fourteen, during gymnastics at school, he had dislocated his left elbow for the first time, while vaulting 
the horse. This was reduced by a doctor, and he had no further symptoms until four years later, when, while 
shovelling, his left elbow again dislocated, this time reducing itself spontaneously. Subsequently he had 
repeated dislocations resulting from certain movements, such as putting on his coat. He was always able to 
reduce the dislocation himself, following which there would be some tenderness of the joint lasting for a 
few days. 

Although he was able to work as a barber without discomfort, his elbow dislocated as often as every 
month, and he was constantly on his guard trying to avoid this. Extension produced a sensation of impending 
dislocation. He was unable to do even moderately heavy work. He had been rejected for military service 
because of this disa’ility. There were no symptoms referable to his right side. 

The history was otherwise non-contributory, except that his daughter, aged four, had had two disloca- 
tions of her elbow, resulting from minor injuries. 

Physical Examination: The left elbow showed pronounced medial-lateral laxity, associated with crepitus. 
Atrophy of the biceps, flexor-pronator, and brachialis muscle groups was apparent on the left. The right 
elbow was normal. 

Roentgenograms (Figs. 3-A and 3-B) showed findings on the left similar to the first case,—namely a 
tendency to dislocate in extension, a rather shallow semilunar notch, and an old fracture of the lateral epi- 
condyle apparently ununited. The right elbow, on the other hand, was normal. 

Operative treatment was advised but declined for financial reasons. 


























Fic. 3-B 


DISCUSSION 

Out of this rather heterogeneous group of cases, including those found in the litera- 
ture and the author’s two cases, there emerge three which seem to represent a definite 
entity,—namely, a posterior dislocation, occurring in extension and produced by an im- 
pacting force. The cases comprising this group are Stapelmohr’s and two reported here. 
Bloch’s and Heusner’s cases, although different types of dislocations, had certain features 
in common, including a traumatic origin, a shallow trochlear notch, and an old avulsion 
fracture of the lateral epicondyle. 

The pathogenesis of these recurrent posterior dislocations seems to depend upon two 
things,—an abnormal semilunar notch and laxity of the collateral ligaments, particularly 
the lateral. 

The incisura semilunaris in all instances was noted to comprise less than the normal 
semicircle and to be decidedly flattened, rendering the joint unstable. The origin of this 
defective ulnar articular surface may be either congenital or acquired. The two cases re- 
ported here lend some support to the idea of a congenital origin, for the first was bilateral, 
and the second patient had a daughter who had had two elbow dislocations. However, in 
the bilateral case, the left elbow, the one most frequently dislocated, showed much more 
flattening, suggesting that this abnormality may have progressed with repeated disloca- 
tions. 
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In this connection, fracture of the coronoid process is frequently mentioned as pre- 
disposing to habitual dislocation. However, a thorough search of the literature revealed 
no such case following this fracture and indeed Urlichs, in 1898, came to the same con- 
clusion. 

Ligamentous laxity was noted clinically in the author’s two cases. Both showed 
definite lateral mobility in extension. Furthermore, there was corroborative x-ray evi- 
dence both in these cases and in those reported in the literature,—namely, old avulsion 
fractures of the lateral epicondyle. Case 1 varied slightly in that the first roentgenograms 
taken showed an osseous shadow in the soft parts, close to the lateral epicondyle, which 
was not found in subsequent films. 

Still another case of the author’s, not reported here, emphasizes the importance of 
fracture of the lateral epicondyle as a contributing factor. This was a man, thirty-two 
years old, who had dislocated his right elbow twice as the result of falls,—the first time 
ten years before, when jumping over a tennis net, and the second, five years before, while 
playing football. A roentgenogram four years after this showed a free bone shadow near 
the lateral epicondyle. 

In short, then, this type of habitual elbow dislocation seems to result from an injury 
which produces an avulsion fracture of the epicondyle with resulting ligamentous laxity. 
This may be due in some measure to inadequate initial treatment. Associated with this is 
a shallow semilunar notch which may be either a predisposing abnormality, of congenital 
origin, or it may develop as the result of repeated luxations. 

With two exceptions, the treatment of this rare condition in the past has consisted 
of little more than extirpation of loose fragments of the lateral epicondyle and no long- 
time follow-up has been carried out. In Heusner’s case where the ulna dislocated pos- 
teriorly and the radius anteriorly, he attempted to gain stability by surgically deepening 
the incisura semilunaris. Exact details are not recorded, but this apparently resulted in 
mcre or less complete ankylosis. Stapelmohr attempted to achieve the same result by an 
extra-articular procedure enlarging the olecranon and coronoid processes with iliac bone 
grafts, thus deepening the notch. In this instance follow-up examination one year after 
operation showed normal motion except for extension, which was limited to 170 degrees. 





No redislocation had occurred. 

The author’s method has proved successful in one particularly severe case which has 
been followed for seven years. It has the merit of being quite simple technically, with 
little risk of the serious loss of motion which might be anticipated in any procedure attempt- 
ing to change the joint contours. 


REFERENCES 


AtBert, Epuarp: Lehrbuch der Chirurgie und Operationslehre. Vorlesungen fiir praktische Arzte und 
Studierende. 2. Aufl. Band IT, 8. 377-400. Wien und Leipzig, Urban und Schwarzenberg, 1881. 

Buiocu, Leoroup: Ueber habituelle Luxation des Ellenbogens. Dissertazion. Strassburg, 1900. 

Hevusner, L.: Ein Fall von habitueller Luxation des Ellenbogens. Jn Festschrift zur Feier des fiinfzigjahrigen 
Jubiliums des Vereins der Aerzte des Regierungsberzirks Diisseldorf. 8. 347-353. Wiesbaden, 1894. 

von Srape.monr, 8.: Uber Luxation habitualis cubiti posterior. Acta Chir. Scandinavica, 98: 511-522, 1949. 

Uruicus, Knup: Ueber die Fractur des Processus coronoides ulnae. Deutsche Zeitschr. f. Chir., 10: 399-429, 
1878. 

WENDEL, Wattuer: Ueber habituelle Luxationen. Arch. f. Orthop., Mechanoterapie u. Unfallchir., 1: 
234-253, 1903. 


THE JOURNAL OF BONE AND JOINT SURGERY 











Tie. 





so 
be 
lat 
lat 
lir 
un 
be 
lin 


fo. 
ca 
fri 
th 
th 


de 
en 


of 


wa 


pr 
ha 
us 
us 
lat 


abc 
pou 
pul 
The 


per 


am 
wot 
lim 


vor 


vO 


nd 


RY 





~-_- — 








————— _—— 


THE THERAPEUTIC VALUE OF REFRIGERATION IN ACUTE 
TRAUMATIC ARTERIAL DEFICIT 


BY MYER MAKIN, M.B., M.R.C.S., JERUSALEM, ISRAEL 
From the Department of Orthopaedic Surgery, Rothschild-Hadassah University Hospital, Jerusalem, Israel 


In acute circulatory impairment of an extremity, it may be assumed that cold will 
so reduce the local metabolic needs that the extent of tissue damage is diminished. It has 
been suggested that an extremity might be preserved until the establishment of a col- 
lateral circulation, the suspended period allowing for compensatory dilatation of the col- 
lateral vessels. In May 1945, Allen made a strong plea for the adoption of therapeutic 
limb refrigeration in war surgery. At that time, however, adequate trial could not be 
undertaken. Livingstone also suggested that ‘‘refrigeration without a tourniquet might 
be successfully employed in some cases of acute vascular deficit in which survival of the 
limb is anticipated”; later, A. G. Kanaar, in a comprehensive review of refrigeration in 
the treatment of trauma, urged its trial in cases of war wounds with major arterial lesions. 

Consequent to Israeli-Arab hostilities, fifty-three major limb amputations were per- 
formed at this Hospital. A high proportion of the injuries consisted of multiple wounds 
caused by shell or mine explosions. Of these fifty-three patients, twenty underwent re- 
frigeration of the extremity. Their ages ranged from seventeen to fifty-three years; 
there were eighteen males and two females. Three deaths occurred,—one due to associated 
thoracic injuries, one to gas gangrene, and the third to toxaemia. 

The method of refrigeration employed was a simple modification of that originally 
described by Allen. Sterile dressings were placed over the wounds and the limb was 
encased in thin rubber sheeting; a large rubber sheet was spread out on the bed and on 
it was placed a trough of cracked ice about 10 centimeters in depth and double the width 
of the limb. The injured limb was laid in the trough and more ice added until the limb 
was encased. The rubber sheet was then folded over and tied loosely about the limb. 
The head of the bed was raised on blocks so that the ice water could drain. This method 
produces tissue temperatures of 5 to 10 degrees centigrade. Surgical excision, which might 
have interrupted existing collateral vessels, was avoided. Obviously no tourniquet was 
used. The period of refrigeration ranged from five to twenty-four days. Refrigeration was 
used in conjunction with antibiotic therapy, transfusions, and various methods of stimu- 
lating dilatation of the collateral channels. 


ANALYSIS 
The twenty refrigeration cases may be classified as follows: 
i Se Cah bud SES es enalena raed aeas aaa two cases. 
Both patients had severe multiple injuries. 


CasgE J. M. M., a soldier, twenty-seven years old, was injured by shell fragments; he suffered intra- 
abdominal injuries, necessitating a colostomy and resection of 25 centimeters of small bowel. He had a com- 
pound fracture of the right forearm and multiple face injuries. In addition, the right leg was mangled and 
pulped. A below-the-knee amputation was clearly indicated, but his general condition did not permit this. 
The leg was refrigerated. After eleven days, the patient’s general condition had sufficiently improved to 
permit elective below-the-knee amputation. 


Case J. H. V., a male civilian, thirty-two years old, injured by an exploding mine, suffered traumatic 
amputation of the right leg with extensive lacerations up to the buttock, facial injuries, and a penetrating 
wound in the right lower portion of the chest. The left arm was a mass of pulped bone and soft tissue. The 
limb was refrigerated. Seven days later, when the patient was in good condition, amputation was performed. 
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Refrigeration as used in these cases serves the same purpose as that applied to meat,— 
it prevents decomposition. This method is used to preserve a “‘dead” limb which cannot 
be amputated but which could cause a severe toxaemia. It permits delay of the amputa- 
tion, thus transforming an emergency operation into an elective procedure. 

B. Tourniquet Gangrene.................. RGhA nse heehee bhi RMRE ee al one case. 
Case M. G., a seventeen-year-old soldier, suffered a compound fracture of the right forearm. A tourni- 
quet at mid-humerus level had been applied in the field, and in error was left undisturbed for twelve hours. 
At the time of admission, the arm appeared pale, with blotchy areas of cyanosis, and the viability of the 
limb seemed doubtful. The limb was refrigerated, and the tourniquet was removed. After nine days of re- 
frigeration non-viability was apparent and an above-the-elbow amputation was performed. Despite re- 
frigeration, an anuria developed which persisted for thirty-six hours; without it, an even more severe toxaemia 
would probably have developed. 
C. Acute Arterial Deficit Due to Injury. . ..............-ccccscsccees seventeen cases. 

In each of these cases there was an irregular laceration or a complete tear in the main 

artery of the limb. The arterial incidence was as follows: 
No. of Cases 


ee SOON... Spain? 2h Osa esse ai as Ue + 
NG bb a oe een awde de an ehRe Rhea cadebahaees 10 
Fo POE OR Tee Se ey ee rer Pepe 2 
Anterior and posterior tibial arteries... ... ane 1 


There were usually other wounds in the damaged eile both distal and proximal to 
the arterial injury, which further complicated the clinical picture. 

Refrigeration was generally begun within four to eight hours of injury. Experience 
with these cases leads to the following observations: 


General Condition of the Patient 

With refrigeration, the patient was almost free of pain and his general condition 
improved rapidly. Multiple injuries were common; 43.4 per cent. of the cases underwent 
other major emergency operations, and the predominating injury often was not the limb 
injury discussed here. Refrigeration allowed priority for these other operations and post- 
ponement of the limb amputation until it could be performed as an operation of choice. 
In war surgery this postponement is of great value. 


Infection and Toxaemia 

Immediately following refrigeration, the patient’s temperature fell to normal and 
there was no further spread of inflammatory reaction. Refrigeration was markedly effec- 
tive in arresting toxic absorption and inhibiting local bacterial growth. Toxaemia occurs 
only if the area is being ineffectually cooled. This is evident particularly in patients 
suffering from diabetic or senile garigrene, for whom operation must be de ayed. 


Effects on Collateral Circulation 

In each case the line of demarcation corresponded with that to be expected for an 
arterial lesion at that particular level. Mock reported a case of acute arterial deficit under 
refrigeration in which color changes in the skin of the limb evidenced the gradual estab- 
lishment of a collateral circulation. This he observed in at least five cases and termed it 
the ‘‘ preservation of tissue” phenomenon, which permits amputation at a lower level. In this 
series no color changes or unusual development of collateral circulation were observed. 
Restriction of Swelling and Development of Dry Gangrene 

Following refrigeration, the skin was a pinkish white in areas where the circulation 
was adequate, and had a blue cyanotic appearance in areas with inadequate circulation. 
The demarcation of the two areas, indefinite at first, progressively became better defined. 
Normally the proximal level of gangrene and the line of demarcation are evident by the 
fifth day; with refrigeration, the line of demarcation is not definite until the twelfth to 
sixteenth day. 
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REFRIGERATION IN ACUTE TRAUMATIC ARTERIAL DEFICIT 713 


When refrigeration was applied prior to the development of tissue swelling, no 
swelling occurred. Langohr and his associates substantiated this finding experimentally 
by using therapeutic cold on thermal burns in dogs. They observed that lymph flow was 
retarded and oedema formation was reduced. 

Whether a gangrene is moist or dry depends upon the fluid content of the tissues. 
In arterial interruption, owing to tissue anoxia, the capillaries become permeable and 
plasma leakage occurs, resulting in oedema of the limb and moist gangrene. Refrigeration 
inhibits oedema and swelling and prevents the development of a moist gangrene. Instead, 
a dry gangrene with tissue shrinkage and mummification occurs; a distinct clinical ad- 
vantage is thereby gained. 


Continued Oozing from Wounds 


For some days following refrigeration there was a steady blood-stained leakage of 
fluid from the wounds, though no clinically significant blood loss was involved. It is 
recognized that the speed of a chemical activity is increased or decreased two or three 
times for every rise or fall in temperature of 10 degrees centigrade. The prolonged bleeding 
following refrigeration may therefore best be explained by the reduction in the rate of 
enzymatic activity and of coagulation. 


Oxygenation and Anaerobic Infections 


Dissociation of oxyhemoglobin is reduced as the temperature is lowered; below 10 
degrees centigrade it does not occur ''. The bright pink color of the tissues during refrigera- 
tion at 10 degrees centigrade is due to the high concentration of oxyhemoglobin in both 
the arterial and venous vessels. It is clear that cellular metabolism continues under re- 
frigeration. This is manifested by the tissue changes which occur and by the appearance 
of the line of demarcation. One hundred cubic centimeters of normal blood carries 18.5 
cubic centimeters of ‘‘combined” oxygen and only 0.3 cubic centimeters in simple solu- 
tion in the plasma. In refrigeration the only oxygen available for tissue metabolism is 
the small volume in the plasma. Thus refrigeration in acute arterial deficit reduces the 
metabolic needs of the part but also markedly reduces the oxygenating capacity of the 
already restricted blood supply. The depression of metabolism is accompanied by a cor- 
responding depression of oxygenating capacity. 

In this series there were four cases of gas gangrene, one of them fatal. This incidence 
is considered abnormally high. Cayford and Pretty reported twenty-two cases of amputa- 
tion under refrigeration anaesthesia, in which three deaths from gas gangrene occurred. 
Both Kirz and Hughes have reported deaths due to gas gangrene following amputation 
under refrigeration. 

It is believed that because of the inability of oxyhemoglobin to dissociate and because 
of the restricted blood supply in the affected area, an anaerobic soil is created. The gas 
bacillus does not develop below 10 degrees centigrade, but temperature fluctuations above 
this level allow its growth. Failure to refrigerate the limb well proximal to the site of ar- 
terial injury permits temperature variations, an anaerobic field, and the development of 
gas gangrene. Contaminated wounds proximal to the level of arterial injury were usual 
in this series. Refrigeration to inhibit gas gangrene must be effective well above the most 
proximal wound of the limb. 


Withdrawal of Refrigeration 

During refrigeration, tissue responses to inflammation are retarded; at its cessation 
there is an immediate rise in blood flow, and the inflammatory reaction is aggravated. 
Ceasing refrigeration before the onset of mummification was found to be a dangerous 
procedure. The limb rapidly deteriorated, became swollen, oedematous, and discolored by 
ecchymoses, and showed superficial blistering of the skin. A severe toxaemia rapidly 
developed; this was responsible for one death in this series. The post-refrigeration flare-up 
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is a very definite clinical entity. Refrigeration must be continued until dry gangrene 
supervenes, when an elective amputation may be performed or a decision may be made to 
amputate the limb while it is under refrigeration. Cessation in order to determine viability 
of the limb is inadvisable. 


SUMMARY 


1. Limb refrigeration for periods ranging from five to twenty-four days was used 
in twenty cases of traumatic extremity vascular deficit. 

2. The greatest value of limb refrigeration was found in cases of multiple injuries, 
when the patient’s general condition was unsatisfactory. It allowed other emergency 
operative procedures to be undertaken while the limb was placed in cold storage until 
an elective and safe amputation could be performed. This form of therapy has a field 
of application in war surgery. 

3. No unusual development of collateral channels or “preservation of tissue’’ was 
noticed. The level of the line of demarcation coincided with that normally to be antici- 
pated without refrigeration. 

4. Refrigeration prevented the development of moist gangrene and produced a com- 
paratively safe dry gangrene. The whole tempo of change in the affected |'mb was m arkedly 
slowed. The appearance of the line of demarcation was delayed until the twelfth to six- 
teenth day. 

5. Four cases of gas gangrene occurred. At low temperatures, oxyhemoglobin does 
not dissociate and a relatively anaerobic field is produced. Proximal contamination and 
temperature fluctuation thus account for this high incidence. 

6. Withdrawal of refrigeration before the development of dry gangrene caused a 
rapid deterioration of the limb and a fulminating toxaemia. 
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COCCYGODYNIA AS REFERRED PAIN 


BY R. J. DITTRICH, M.D., DULUTH, MINNESOTA 


Coccygodynia, a painful condition of the coccyx, is frequently caused by trauma, 
although it may arise without any known cause. The treatment most commonly em- 
ployed consists in rest of the injured part to permit healing. If conservative treatment 
fails, surgical removal of the coccyx is advocated * 7 18 1% 23, 29, 

In a study of low-back pain, Shapiro found that many such cases are associated with 
pain in the coccyx and that, by eliminating the back pain, the coccygeal pain frequently 
disappears. Treatment of the painful lesions consisted in injection of procaine to produce 
a nerve block of the upper three sacral nerves. 

Thorek believes that coccygodynia is generally a neurotic symptom and that psycho- 
therapy is often indicated. Finder states that coccygodynia has long been considered a 
syndrome in which the functional element plays a major role. He advises the procedure 
of manipulation of the coccyx, instructs the patient in the technique of self-manipulation, 
and reports beneficial results in all types of cases, whether they have a functional or an 
organic basis. According to Watson-Jones, ‘‘The functional and psychological aspect of 
coccydinia has been exaggerated. The victims of this disorder exhibit few or none of the 
usual manifestations of functional disturbances, and, if their complaint of pain is accepted 
and treated as it should be, their recovery is usually quite complete.’ Béhler declared 
that he has never seen such cases following an injury. 

Thiele, Wilensky, and Wilkinson interpreted coccygodynia as a clinical entity caused 
by spasm or by inflammation of the pelvic-floor muscles,—the piriformis, the levator ani, 
and the coceygeus. Manual massage of these muscles has yielded satisfactory results in 
a large series of cases. 

From observations on five patients during the past few years, there is reason to 
believe that coceygodynia is referred pain, arising from structures elsewhere in the lower 
part of the back. The site of the primary pain is determined by eliciting tenderness on 
palpation; this was established, in all instances, in the mid-sacral region near the mid-line. 
In that location, it is often possible to palpate nodules or masses of tissue which are dis- 
tinctively sensitive to pressure. It was suspected, and later confirmed, that the structures 
from which the pain arises consist of fat tissue situated in the subfascial spaces. 

Abnormalities of fat tissue as factors in certain painful syndromes have been in- 
vestigated and reported by Copeman, and Copeman and Ackerman. After determining 
and charting a ‘‘pain pattern” in the lower part of the back, they found, on anatomical 
dissections, deposits of fat tissue which had undergone pathological changes, giving rise 
to pain. Several forms of abnormality in fat tissue are described * 5,—herniation through 
the deep fascia, occurring most commonly along the lateral margin of the sacrospinalis 
from the lower costal border to the iliac crest, and oedema resulting in tension of the fat 
lobules, found most frequently in the sacral region and below the rim of the iliac crest. 
It was established, by injections of procaine and by surgical removal of the fat. tissue, 
that painful syndromes may result from abnormalities of this nature. Additional reports 
by Herz, Moes, Hucherson and Gandy, Orr, Mathers and Butt, Hittner, and Dittrich 
have confirmed the influence of pathological alterations in fat tissue as an important 
factor in painful conditions affecting the lower part of the back. 

Referred pain and associated phenomena related to deep somatic pain have been 
extensively investigated by Lewis and Kellgren, Kellgren ™ ' 17, Inman and Saunders, 
Sinclair, Weddell, and Feindel, Wolff and Wolf, Travell, and others. From these studies, 
it has been established that referred pain has a spinal segmental pattern in its distribution 
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and that the afferent innervation of deep somatic structures differs radically from the 
pattern of dermatomic supply. It is also considered likely that referred pain is due to 
misinterpretation by the central nervous system, whereas referred tenderness is probably 
caused by chemical activity of metabolites deposited in the tissues. The exact nature and 
the channels of referred phenomena are not clear; some investigators contend that the 


















































entire process of reference takes place in the periphery, whereas others insist that par- ! 
ticipation of the central nervous system is necessary. , 
a 

CASE REPORTS ; 

Case 1. A.L.A., a white male, aged twenty-four years, was seen in August 1949. He stated that four t 
weeks previously, while pulling a hand truck, he had been forcibly jerked downward, with his back bent s 
forward. He noted pain immediately in the lower part of his back. This became so intense that he had to i 
discontinue work for several days and to perform light work thereafter. The pain was aggravated by lifting, r 
stooping, and sitting. It was distributed over a large area of the back, including the lower end of the spine | t 
where it was especially severe when he was sitting with his legs crossed. 

Examination showed no deformity and the motions of the spine were normal in range, causing pain in ( 
the lumbar and sacral regions. Marked tenderness was elicited over the lateral margin of the sacrospinalisat | |: 
the level of the second and third lumbar vertebrae, on both sides. Less marked tenderness was noted over 
the coccyx and on both sides of the mid-line at the level of the third sacral segment. 3 

As a diagnostic measure, the tender sites in the iliolumbar region were injected subfascially with five , 
cubic centimeters of 2 per cent. procaine. This procedure eliminated the pain and the tenderness in those 7 

, 


areas. The manifestations in the sacral and coccygeal regions. were unchanged. 

Several days later the pain and tenderness in the iliolumbar region had disappeared. Tenderness was Sl 
still present in the coccyx and on both sides in the sacral region. After an injection of three cubic centimeters | 0) 
of procaine subfascially into the sensitive areas of the sacrum, the tenderness was eliminated. Four days : 





later, the pain had diminished, and there was no significant tenderness anywhere in his back. St. 
The man was seen again about two months later and stated that his pain had disappeared entirely, 
shortly after the last injection. There has been no recurrence of the symptoms during a period of ten months’ 1 
observation. ac 
Sc 

CO 

Case 2. Mrs. M. L. L., white, aged thirty-seven, was examined in December 1948. Four months previ- ti 
ously, she had fallen and struck the lower part of her back against a crate. Several hours later she noted : 
pain in her back, which gradually became more intense. The pain was most pronounced at the lower end of her of 
spine, and she stated that for a period of three months she had been unable to sit. She complained of a es' 
constant ache with a sharp pain on activity. an 


The examination showed marked tenderness of the coccyx and the lower portion of the sacrum; exam- by 
ination also revealed two small areas of tenderness in the sacral region on the right side. Each of the latter— [ 


; : . seg 
one at the approximate level of the first sacral segment, the other at the level of the third sacral segment— it 
‘ - . ; ‘ ] 
was situated in a small mass of tissue located subcutaneously. The masses were apparently lipomatous in 4 
nature; they were somewhat movable. There was no radiation of pain on irritation of the structures. No fro 


other significant abnormalities were noted on examination. 
Roentgenograms of the sacrum and coccyx showed a bony fusion of the sacrococcygeal joint and the po 
segments of the coccyx, with angulation of 45 degrees to the left, at the mid-point of the coccyx. | ma 
Q 


She was seen at intervals during the following year, and, on two different occasions, procaine was in- lis 
jected into the masses of tissue in the sacral area. The tenderness was not completely eliminated following sam 
injection, although on both occasions there was a significant relief of pain and diminution of tenderness for | Sou 
from one to two weeks. Similar results were obtained on several occasions when she was treated elsewhere reg 
by procaine injections. of 1 

It was considered advisable to remove the soft-tissue structures. Under local anaesthesia, two trans- 
verse incisions were made. The masses consisted of oedematous lobules of fat tissue, situated underneath | ti 
the deep fascia. These, together with small portions of apparently normal fat, were resected. The woman } aOn 
was promptly relieved of pain in the lower part of the back and coccyx. She is now able to sit normally pos 
and pursue her ordinary activities. The period of postoperative observation was three months. smé 

Observations on three additional patients revealed findings of a similar nature, the principal feature whe 
consisting of a variable degree of hyperalgesia of the soft tissues overlying the middle portion of the sacrum. the 
In two of these, injection of procaine into the sensitive structures resulted in marked relief from pain for 
several days. It was thus established that the factor responsible for the coccygeal pain was an irritative . 
lesion in the soft tissues of the sacral region. pau 

of d 
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COMMENT 


An analysis of the five cases indicates that they have one combination of manifesta- 
tions in common,—pain and tenderness of the coccyx with associated tenderness in the 
sacral region. The tenderness was elicited with marked regularity in the mid-sacral level, 
lateral to the mid-line. It was justifiable to conclude that the tenderness arose from soft- 
tissue structures, since it was eliminated by an injection of local anaesthetic into the 
sensitive areas. The only tissues which are likely to be affected by such injections are the 
layers of fat tissue underneath the deep fascia and, possibly, those situated superficial to 
the fascia. The potentialities of fat tissue as a source of noxious impulses has been demon- 
strated * 5 ® 1% 1, 12, 21, 22. Additional support for this conclusion is provided in this series 
in which one patient was subjected to operation and the others yielded the expected 
results from local anaesthetization. As a means of evaluating the influence of motion at 
the sacrococcygeal joint and between the segments of the coccyx, it is significant that in 
Case 2, a firm bony union was found between these structures. In this connection, Cal- 
lander states that the whole coccyx may be ossified to the apex of the sacrum. 

The observation that coccygeal pain can be eliminated by abolishing the primary 
source of the pain and without any direct intervention on the coccyx would tend to verify 
suspicions that the pain is referred. It is, therefore, of some importance to analyze the 
mechanism and the channels by which the pain is referred. Information on the afferent 
supply to bone is meager. Haymaker and Woodhall, using the charts of Dejerine, state 
only that the vertebrae are supplied by the posterior primary rami of the respective spinal 
nerves. Inman and Saunders have carried out an extensive investigation of sclerotomic 
innervation, including separate studies of the soft tissues and of the bony structures. 
These, however, provide no information on the nerve supply to the coccyx". From an 
additional study of the pain charts of Inman and Saunders, it is noted that the superficial 
sclerotomic structures overlying the mid-sacral region are probably innervated by afferent 
components of the first sacral nerve. When hyperalgesic areas are located in the soft 
tissues of the mid-sacral level, as was evident in all cases here considered, the distribution 
of the referred pain and tenderness from that site is strikingly in conformity with the field 
established as the first sacral sclerotome. The relatively low incidence of coccygeal pain 
and tenderness associated with painful lesions elsewhere is in keeping with the assertion 
by Wolff and Wolf that referred pain need not, and usually does not, involve the whole 
segment of reference. With recognition of this characteristic, which is evidently acceptable, 
it may be understood why different portions of the sclerotome may be affected by pain 
from a common trigger point. 

From the observations thus made, it would seem justifiable to conclude that the bony 
portion of the coccyx probably lies within the first sacral sclerotome; that coceygodynia 
may arise and persist as referred pain from a trigger point located elsewhere within the 
distribution of the first sacral afferent elements; that the most common site of the primary 
source of the pain consists of soft-tissue structures, probably fat tissue, in the mid-sacral 
region; and that coceygodynia so provoked may be relieved by elimination of the source 
of the pain. 

From a survey of different features seen in connection with coccygodynia, the func- 
tional element is considered to be important among most investigators. It is of course 
possible to find a neurotic background in patients so afflicted. Observations made in the 
small series here studied would seem to indicate that both the psychic manifestations, 
when present, and the coccygeal pain are direct results of the primary source of pain in 
the fat tissue. 

On the basis of these observations, the interpretation of coceygodynia as referred 
pain and tenderness appears to be adequate for the purpose of establishing the mechanism 
of development and also providing a foundation for rational treatment. 
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A RARE FORM OF MALIGNANT JOINT TUMOR 


BY ARNOLD SONNENSCHEIN, M.D., VIENNA, AUSTRIA 


From the Orthopaedic Division * of the First University Surgical Clinic ¢, Vienna 


TRANSLATED FROM THE GERMAN BY HENRY MILCH, M.D., NEW YORK, N. Y. 


All joint tumors, whether benign or malignant, and regardless of their clinical appear- 
ance, may be recognized by the ontogenetic characteristic that they are derived from 
mesodermal tissue. If a joint tumor presents a structural configuration and cellular forms 
which cannot be of mesodermal derivation, diagnosis of a tumor originating from joint 
structures may be excluded, even if the tumor is grossly restricted to the joint area. 
This is well illustrated in the following case history. 


A man, thirty-three years old, 
in a poor state of nutrition, was ad- 
mitted to the Hospital because of 
pain in the left knee. The patient’s 
father had died of pulmonary tu- 
berculosis. 

At the age of thirteen the patient 
had been operated upon for a swell- 
ing in the left scrotal region. Sim- 
ilar swellings, which developed 
above the left supra-orbital ridge 
and along the inner aspect of the 
left thigh, healed after treatment by 
radium. Fic. 1-A 

At the age of ten a swelling had 
developed in the left knee which 
caused no difficulty in the begin- 








ning and occasionally subsided. 
About a year after onset, there was 
some enlargement of the knee, for 
which the patient was sent to a 
resort for salt-water bathing. There 
an operation of undetermined na- 
ture was performed. However, the 
condition of the knee became grad- 
ually worse, so that the knee could 
not be moved or bear weight with- 
out pain. 

Upon the first admission treat- 
ment by extension was followed by 








Fia. 1-B 


Fungous tuberculosis of the left knee of twenty-three vears’ dura- 
tion in a man thirty-three years old. During the past year bilateral 
E deep ulcerations have extended from the sinus openings. 
yellowish pus. During the next few Fig. 1-A: Medial view. 
years these sinus closed and new Fig. 1-B: Lateral view. 
openings appeared. Treatment con- 
sisted of intermittent roentgen irradiation and exposure to the sun as weather permitted. Gradually these 


the development of six or seven 
sinus tracts which secreted a thin 


bilateral sinus became larger, so that large wound surfaces were present. The swelling increased consider- 
ably and the patient complained of a drawing and burning pain. Hospitalization again became necessary 
at this time. 

Clinical and Roentgenographic Findings 


The left knee joint (Figs. 1-A and 1-B) was fusiform in outline and was somewhat under 39 centimeters 
in diameter. The muscles of the thigh and leg were extremely atrophic. There was a large open fistula on the 


* Chief, Doz. Dr. A. Lorenz + Director, Prof. Dr. L. Schoenbauer 
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Fia. 2 
Roentgenogram showing diffuse dest ructive process extending into the femoral and tibial diaphyses, 
with disappearance of joint space. The cortices of both metaphyses and diaphyses are “feathered”. 
The retrocapsular tissue is thickened. 


and tibial epiphyses are without distinct 
The cortex is thinned out and the joint 


Sagittal section through amputated knee. The femoral 
demarcation and are infiltrated with grayish-red tumor tissue. 
space is completely filled with tumor ti 
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Fig. 4 


Shows horny squamous-cell carcinoma spreading into the inflamed connective tissue. 


inner aspect of the knee. Distal to this there was a hand-sized defect. A dense grayish-white tissue, covered 
with a greenish-yellow exudate, projected from the ulcerated area. On the lateral aspect of the knee (Fig. 
1-B) there was a similar ulcer, larger than the first (11 by 9.5 centimeters), with a dense grayish-white floor 
into which several fistulae opened. A walnut-sized, white nodule which was adherent to the skin projected 
distally to the tibial tuberosity. The knee joint, fixed by fibrous ankylosis in flexion of 130 degrees and dorsal 
subluxation, was painful on the slightest motion. 

Roentgenographic examination of the knee (Fig. 2) disclosed extensive destruction of the articular ends 
of the femur, the tibia, and the patella. The bone substance was irregularly porotic and sclerotic, giving the 
occasional appearance of cyst formation. The patella was united to the femur. 

From the clinical and roentgenographic appearance, the tumor was judged to be malignant. Because 
the inguinal glands were enlarged but not confluent and the lung fields were clear, amputation in the middle 
third of the femur was undertaken, with primary closure of the wound. 


Pathological Findings 


In the sagittal section of the amputated knee (Fig. 3), the outlines of the femur and the tibia were only 
indistinctly seen. The compact bone was thinned out and the spongiosa was replaced by a reddish-gray soft 
tissue which filled the entire joint space. Histological examination disclosed a horny, squamous-cell carcinoma 
(Fig. 4), infiltrating a chronically inflamed connective tissue which contained typical tubercles, and a sinus 
tract lined with non-specific granulation tissue. 


Postoperative Course 


Several days after operation, a purulent discharge appeared from the wound which was then opened 
and drained. After two months of treatment the infection was controlled and the wound began to heal. 
At his own request, the patient was discharged from the Hospital. It was intended to excise and examine one 
of the hard inguinal glands at a later date. The patient, however, did not return until two years after his dis- 
charge. In the interval, he had been quite free of symptoms. About six months before his readmission, he had 
begun to notice a swelling of the right leg, accompanied by nausea and vomiting. For a few days prior to 
his hospitalization there was repeated vomiting together with gradual deterioration of the general condi- 
tion. 

Examination revealed non-protein nitrogen of 149.94 milligrams per 100 cubic centimeters. Uraemia 
was diagnosed, and shortly thereafter the patient died of pulmonary oedema. Autopsy disclosed an extensive 
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amyloidosis of the kidneys with slight amyloid degeneration of the liver and spleen. There was no evidence 
of any metastasis from the joint tumor removed two years before. 


CONCLUSIONS 


Though the history and the specific changes indicate the tuberculous nature of the 
‘ joint affection, the histological examination leaves no doubt that the joint tumor was a 
squamous-cell carcinoma. The sequence of events would seem to indicate that in childhood 
this patient had suffered from a disseminated caseous glandular tuberculosis which even- 
tuated in tuberculosis of the knee with chronic fistula formation. The extent of the in- 
fluence of heliotherapy and roentgenotherapy on the development of the carcinoma can- 
not be appraised, but it is certain that under their influence the epithelium grew rapidly 
along the sinus tracts to the very center of the joint. This led to the formation of small 
islands of squamous epithelium, which under the constant irritation of the purulent secre- 
tion developed into a malignant tumor. Since the tumor arose from healthy tissue sec- 
ondarily stimulated to malignancy by locally determined factors, it must be differentiated 
from a primary as well as from a metastatic tumor. 

The continued effect of repeated heliotherapy and x-ray irradiation with the chronic 
irritation of the tuberculous fistulae may account for malignant degeneration such as is 
seen in carcinomatous degeneration of skin lupus after roentgenotherapy. Beck, Kiittner, 
Marsch, and others have suggested a possible relationship between the appearance of 
joint sarcoma and previous x-ray treatment of joint tuberculosis. 

The clinical experience in this case points to the conclusion that resection should be 
undertaken as soon as growth has ceased in all cases of chronic pyogenic joint disease 
with fistula formation. In older people with extensive involvement or in those in whom 
there is unsatisfactory healing, amputation should be undertaken at the very outset. 


Nore: The author wishes to thank Dr. Henry Milch for his most painstaking translation of this article. 
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DENERVATION OF THE ANKLE JOINT 


BY PETER A. CASAGRANDE, M.D., BERT P. AUSTIN, M.D., AND WALTER INDECK, M.D., 
BUFFALO, NEW YORK 


From the University of Buffalo School of Medicine and the Orthopaedic 
Department of the Buffalo General Hospital 


Denervation of the ankle joint is a new and relatively simple approach to the old 
problem of pain in the ankle resulting from traumatic arthritis. The senior author became 
interested in this problem several years ago and devised an operation to denervate the 
ankle joint. The anatomy and the operative procedure will be discussed in detail, but the 
purpose of this operation and its possible complications should be considered first. 

Many patients with pain in the ankle resulting from traumatic changes do not exhibit 
arthritis of a sufficient degree to necessitate fusion. Other patients cannot be subjected 
to a major surgical procedure and a prolonged period of immobilization either because 
they are poor operative risks or because of economic reasons. Still others cling to joint 
motion at any cost, seeking only some relief from pain. Unfortunately, conservative 
measures—such as arch supports, shoe corrections, and physical therapy—are usually of 
little value. 

Neurectomy has been used in the treatment of pain in the hip joint with varying 
degrees of success * * 7425, It has also been used for the elbow by Bateman. Sallick 
and Blum in 1948 divided the sural and tibial nerves in an attempt to eliminate the pain 
resulting from old fractures of the os calcis. Of seven patients who were toially disabled, 
four returned to full work after the operation. Although the intrinsic muscles were para- 
lyzed by this procedure, this apparently did not result in much disability. 

In so far as can be determined, no one has reported on the use of denervation in 
the treatment of the painful ankle joint. This seems somewhat surprising, for the ankle is 
almost subcutaneous and its nerve supply unusually accessible. Moreover, the pain from 
pathological changes here is well localized, and the nerves dealt with do not have the great 
importance of those elsewhere as, for example, the median nerve at the elbow. However, 
it should be noted that even here referred pain may be a factor as indicated by Kernwein 
and Kelikian. 

In considering this method of treatment, several questions must be answered: For 
what kind of joint pain is the operation of neurectomy indicated? Will neurectomy 
interrupt the nerve supply to the fibrous capsule and synovial membrane or to the sub- 
chondral bone or to both? This poses the problem of the origin of joint pain. 

The articular cartilage is generally agreed to be devoid of nerve fibers and there- 
fore anaesthetic. The synovial membrane, on the other hand, is commonly believed to be 
sensitive to pain. The subsynovial tissues, as well as the fibrous capsule, contain not only 
free nerve endings but also rake-like endings similar to the terminal cylinders of Ruffini 
which may respond to pressure from proprioceptive sensation. Gardner * ', in his ex- 
haustive studies of other joints, has reported that such complex proprioceptive endings as 
the Pacinian corpuscles have rarely been found in the region of the capsule. 

While cortical bone is relatively insensitive to pain, cancellous bone has been found 
sensitive to pain stimuli. That the pain in these regions may have a vascular origin must 
be taken into consideration, for Woollard, in experiments with animals, found that the 
blood vessel walls contained both medullated and non-medullated nerve fibers. These 
fibers were most numerous in the smaller arteries. 

In their clinical studies, Bazett and McGlone found that puncture of vessels, espe- 
cially of the smaller arteries, produced pain which was intense, deep, unbearable, and 
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nauseating. This and the work following Leriche’s introduction of periarterial sympathec- 
tomy has led to the conclusion that the nerves in the blood vessel walls are afferent and 
sympathetic. While these fibers accompany the larger peripheral vessels for a short dis- 
tance, the smaller vessels receive their supply from the somatic nerves in the region. 
Authorities such as Gask and Ross feel that vessels are as sensitive to tension as are the 
viscera, and that tension causes a burning type of pain. 

Such a complex nerve supply, involving as it does the capsule, synovial membrane, 
‘ancellous bone, and blood vessels, would seem to make denervation impractical, espe- 
cially when one considers Gardner’s findings in such joints as the knee ', hip ", elbow ¥, 
and shoulder '*. According to him, nerve endings tend to be grouped in those regions of the 
joint capsule most subject to pressure or motion, but any one region of a joint is supplied 

by more than one nerve. Moreover, 

'ELy. the point where a nerve enters the 
NET ij joint does not necessarily predeter- 
POSTERIOR TIBIAL NERVE mine its local distribution. Finally 
Bateman found that in the elbow, 

the area of distribution of any one 

nerve is not constant. There was 

considerable variation in the size and 
\ importance of the branches in the 
different patients and specimens 









ae 
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TUTTI | dc 


FLEXOR DIGITORUM 
LONGUS ———— 


—ARTICULAR BRANCHES : 
OF POSTERIOR studied. 
\ TIBIAL NERVE 


lem resolves itself if one recalls 


"eee = several points. The epiphyses receive 

ye oeatany __ their blood supply from the articular 

Ay) NERVE arteries 2. These vessels enter the 

Lyn? bone through the capsular attach- 

hg ments. Few of the metaphyseal 

vessels with their accompanying 

Fia. 1 nerves invade this region, since they 


a study of the tibial nerve and its articular tend to remain as end arteries, their 

‘apillaries forming hairpin turns at 
the site of the original epiphyseal synchondroses. Gardner “, in studies of other joints, 
has shown that nerves pierce the joint capsule with the articular vessels and accompany 
them not only into the synovial region but also into the adjacent epiphyses which form 
the articular surfaces of the joint. Some of these nerve branches are located in the adven- 
titia of these vessels. 

One may, therefore, conclude that it makes little difference where the major source 
of the pain lies. Regardless of its origin, whether it be in the subchondral bone, in the 
synovial lining, in the fibrous capsule, or in the blood vessels, denervation will be effected 
by division of all articular nerves. It should be noted that surrounding structures such as 
tendons, deep fascia, subcutaneous tissues, and the skin are not denervated, and patients 
with painful pathological conditions affecting these structures will not be relieved by this 
operation. 

Still another problem now presents itself. Will denervation result in a neuropathic 
or Charcot joint? Eloesser’s classic work on the production of neuropathic joints, in 1917, 
demonstrated that, experimentally at least, more is needed than simple joint anaesthesia 
produced by local denervation. He divided the posterior roots which were distributed to 
the hind legs of sixty-nine cats and followed forty-two of these for periods of three months 
to three years. From these experiments it may be concluded that four factors must be 
present simultaneously to produce a neuropathic joint. These are, (1) loss of the muscle 
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coordination which protects a joint from moving beyond the extremes of normal motion, 
(2) loss of position and of tactile sense, (3) unrecognized injury, and (4) continued activity. 

The clinical findings in tabetic patients bear out Eloesser’s belief that more than one 
factor is involved in the production of neuropathic joints. For, while 90 per cent. of all 
neuropathic joints are due to tabes dorsalis, such joints develop in only 5 to 10 per cent. 
of all patients with tabes dorsalis *. In syringomyelia, Charcot joints develop in 20 per 
cent. of cases %. 

To test this conclusion further, several reports on neuropathic joints resulting from 
peripheral-nerve injury were reviewed. These confirmed the finding that the four factors 
which produce a neuropathic joint must be present simultaneously. Thus Kernwein and 
Lyon report the case of a man, twenty-two 
years old, who suffered complete severance 
of the sciatic nerve, but who learned to walk 
on the affected limb unaided. The only 
joints theoretically capable of neuropathic 
change in such a condition would be the 
ankle or joints distal to it. This proved to 
be the case. Within fifteen months of the 
date of injury, neuropathic changes in the 
ankle and tarsal joints had developed. 

Another report of neuropathic joint 
changes following peripheral-nerve injury is 
that of Duncan in 1922. His patient was a 
man about forty-two years old, who had 
sustained a brachial plexus injury about 
four years previously. Apparently the pos- 
terior roots had been avulsed, while the 
anterior roots remained intact. He had full 
muscle power, but lacked sensation in the 
entire arm and in part of the shoulder 
girdle as well. He was found to have a 
typical neuropathic arthritis of the wrist. 

Clinically, one finds that neurectomies 
on other articulations have not been fol- : : : 

eee ; Dissection study of the deep peroneal nerve and 
lowed by neurotrophic joints. Such writers _ jts articular branches. 
as Kaplan specifically mention that re- 
peated roentgenograms revealed no evidence of trophic joint changes. There should be 
little danger of trophic changes in the skin or its derivatives if a sensory nerve to the distal 
cutaneous regions is accidentally transected, for, as Tinel stated, even complete interruption 
of a nerve causes either minimal trophic disturbances or none. On the contrary, it is neuritic 
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Fig. 2 


irritation which brings about changes in the skin, nail, and hair, as well as capsular and 
aponeurotic contractures which develop secondarily. Many others have since concurred 
in this finding, including Dean Lewis and Haymaker and Woodhall. Further support is 
found in the report by Corlette and that by Smith, who successfully brought about closure 
of irritable ulcers by cutting all tissues from skin to bone and thus locally denervating 
them. 

While neuropathic changes have not occurred in other denervated joints, one might 
feel concern for the safety of the ankle, subject as it is, anatomically, to such complete 
denervation. However, Laskey and Silbert, Smithwick and White ** *°, as well as Smith 
report favorably on performing denervation operations on a number of patients with 
Buerger’s disease. These were not merely articular neurectomies but often consisted in a 
complete transection, either chemically or mechanically, of the tibial, deep and superficial 
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Fig. 3-A Fig. 3-B Fig. 3-C 

Case A. G. A white, single female, thirty-four years old, was admitted to the Hospital because of a 
dull, aching, more or less constant pain in the left ankle, which increased in intensity upon weight- 
bearing, Fifteen months previously, the patient had fractured her left ankle. Physical examination was 
non-contributory except for local findings, which consisted of tenderness over the anterior aspect of 
the left ankle and a decreased range of dorsiflexion. There was no evidence of vasomotor changes. X-rays 
showed non-union of the medial malleolus. On the second day of hospitalization anterior and posterior 
denervation of the ankle was performed. On the fifth postoperative day the patient was ambulatory 
with crutches, and on the tenth postoperative day full weight-bearing was started. The patient was 
discharged on the eighteenth postoperative day, walking with full weight-bearing and without dis- 
comfort. Two and one-half years after the operation the patient is completely asymptomatic. There 
is no roentgenographic evidence of further joint changes since the previous examinations. 


peroneal, sural, and saphenous nerves. No trophic changes were seen. Instead, in many 
vases the intractable ulcers of Buerger’s disease healed, and the patients became ambula- 
tory. 
INNERVATION OF THE ANKLE 
The innervation of the ankle has not been described in detail in any of the accepted 
textbooks of anatomy. The nerve supply has been consistently attributed to branches 
from the saphenous and tibial nerves, and from a lateral division of the deep peroneal 
nerve. Details of the origin and location of these articular branches are lacking. 
Dissections of the ankle region have been performed on twenty specimens. Four of 
these were embalmed, and sixteen were amputated lower extremities. 
—— dissections have revealed the following patterns of innervation (Figs. 1 and 2): 
. Branches of the saphenous nerve ramify over the medial malleolus. These do not 
appear to innervate the joint proper. 


2. Branches from the deep peroneal nerve extend to the anterior joint capsule. These | 


may arise as medial and lateral filaments coming off above the bifurcation of the nerve 
to its terminal branches. Multiple small branches also arise from the lateral terminal 
branch just below the bifurcation and turn proximally into the joint. A small branch may 
also arise from the medial terminal branch just distal to the latter’s origin from the main 
nerve. 

3. Branches from the tibial nerve supply the posterior joint capsule. One or two 
branches arise from the posterolateral aspect of the nerve approximately two or three 
centimeters above the joint and course downward and posterolaterally to ramify on the 
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Fie. 4-A Fig. 4-B Fig. 4-C 


Case I. H. A white male, fifty-three years old, was admitted to the Hospital because of pain and 
swelling of the right ankle for a period of six months. Nine months before admission, the patient had 
sustained a fracture of the right ankle which had been immobilized in a cast for eight weeks. There was 
swelling of the ankle which diminished with rest and increased with ambulation. Local physical ex- 
amination revealed a + + + pitting oedema of the right ankle without evidence of vasomotor imbalance. 
Dorsiflexion was limited to 5 degrees, but there was good plantar flexion. Inversion of the ankle caused 
a moderate amount of pain. Pain was present upon forced dorsiflexion. X-rays showed spreading of the 
ankle mortise and early degenerative changes. On the second day of hospitalization a local anaesthetic 
block of the lateral branch of the deep peroneal nerve and the tibial nerve about the ankle was per- 
formed. After this procedure the patient could walk with crutches without experiencing the pain pre- 
viously present. This remission lasted for two hours. Tibial and deep peroneal neurectomies were 
performed on the following day. On the fifth postoperative day the patient walked with a cane, ex- 
periencing only a minimal amount of pain due to operative incisions. He was discharged on the fifteenth 
postoperative day. Ninety-five per cent. of his pain had been relieved, with only minimal discomfort 
over the lateral malleolus remaining. He was followed for a year, at which time he died from a bron- 
chogenic carcinoma. At the time of his final hospitalization, he stated that he had experienced only 
minimal ankle pain and had been able to walk upstairs and downstairs without difficulty. He had 
walked as far as five miles without pain or swelling. 


-apsule. A transverse articular filament from the posterior branch of the medial caleaneal 
nerve courses posterolaterally over the joint capsule, supplying branches to the capsule 
and to the overlying fat pad in the supracalcaneal space. The nerve passes posteriorly 
to the flexor hallucis longus tendon but gives off capsular branches which circumvent this 
interposed structure. A very small and inconstant branch to the joint arises from the 
lateral plantar nerve soon after the latter separates from the medial plantar nerve. A 
branch from the tibial nerve, the interosseous crural, passes distally in the interosseous 
membrane near the peroneal artery. It supplies the inferior tibiofibular joint. This branch 
is a small filament and does not appear to innervate the ankle joint proper. 

These findings indicate that the major portion of the nerve supply to the ankle joint 
is derived from the tibial and deep peroneal nerves, and the distribution is concentrated 
over the anterior and posterior portions of the capsule. The nerves to be sectioned are 
thus accessible through two incisions, one posteromedial, the other anterior. 

It should be emphasized that filaments to the muscles and tendons about the ankle 
joint which arise from these two main nerves are not disturbed in these dissections. The 
majority of these fibers, which are probably proprioceptive, leave the main nerve stems 
above the level of the articular nerves. 

It would also be interesting to have anatomical studies using serial microscopic sec- 
tions of foetal and adult ankle joints comparable to Gardner’s studies of the knee, hip, 
shoulder, and elbow '™ " !. 2, Additional information might possibly be obtained by inject- 
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Fig. 5-A Fia. 5-B Fig. 5-C 


Case B. H. A white housewife, fifty-four years old, was admitted to the theeited t because of severe 
pain in the right ankle for six months before admission. She had sustained a fracture of the right ankle 
in 1920, but she had been asymptomatic for twenty-seven years. During the last few years before ad- 
mission, however, she began to have increasing pain in the ankle. For six months before admission, she 
had experienced severe ankle pain and was unable to bear full weight. There was local swelling after 
walking. Physical examination revealed a + + pitting oedema of the ankle, with tenderness over the 
anterior and posterior aspects of the joint. Motion was painful, and its range was limited to 5 degrees 
of dorsiflexion and 15 degrees of plantar flexion. X-ray showed malunion of an old fracture of the distal 
end of the tibia and fibula with traumatic arthritis of the ankle joint. A posterior and anterior denerva- 
tion was performed and the patient was discharged on the third postoperative day after an uneventful 
course. The period of follow-up has not been long enough for evaluation at this time. Nine months after 
the operation, this patient was walking with very little discomfort and minimal oedema after a day 
of weight-bearing. 


ing neurophilic dyes into the joint cavity of patients on whom an elective amputation is to 
be performed. 
OPERATIVE TECHNIQUE 

The procedure of anterior and posterior denervation is done under general anaesthesia 
and takes about forty-five minutes. The use of a Campbell-Boyd or other tourniquet is 
essential for the dissection required in this procedure. 

The approach to the tibial nerve is through a J-shaped incision made one finger- 
breadth posterior to the medial malleolus, with the shank of the J slightly anterior and 
parallel to the medial margin of the tendo achillis. The incision is carried through the sub- 
cutaneous tissues and the laciniate ligament (flexor retinaculum of the ankle). The tibial 
nerve may then be identified. It lies three-quarters of an inch beneath the skin and lateral 
to the flexor digitorum longus. Directly anterior and slightly superficial to the nerve are 
the tibial vessels. These in company with the nerve are bound together in the neuro- 
vascular bundle. The vessels must be guarded from injury. Directly posterior to the 
neurovascular bundle is the medial margin of the tendo achillis. The articular branches 
from the tibial nerve may be identified as they pierce the deltoid ligament, just above 
the terminal division of the tibial nerve into medial and lateral plantar nerves. The 
articular nerves are ligated and sectioned. It may be necessary to trace the origin of these 
branches to a point about three centimeters above the joint. The medial calcaneal nerve 
is proximal to the level of the flexor retinaculum along the medial margin of the tendo 
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achillis. The transverse articular branch arising from this is ligated and sectioned *. 

In summary, complete division of all the branches of the tibial nerve to the ankle 
may be ensured by identifying the nerve at the point of its bifurcation, and isolating, 
ligating, and sectioning: (1) all nerves proximal to the point of bifurcation for a distance 
of three centimeters, and (2) all nerves distal to the point of bifurcation (along the medial 
and lateral plantar nerves) for a distance of two centimeters. 

The approach to the deep peroneal nerve is through an S-shaped skin incision made 
over the anterior aspect of the ankle, midway between the malleoli and lateral to the 
extensor hallucis longus tendon (which may be palpated at a point one-half inch lateral 
to the tibial crest). The incision is carried through the subcutaneous tissue and superficial 
fascia. The lower border of the transverse crural ligament and the entire cruciate crural 
ligament are sectioned. The deep peroneal nerve may be identifieu between the extensor 
digitorum longus and the extensor hallucis longus tendons. The nerve is usually found 
lying laterally to the dorsalis pedis artery. Articular filaments can be identified just above 
the bifurcation of the nerve into medial and lateral terminal branches. It is necessary to 
sacrifice the entire lateral terminal branch to e..sure complete denervation. This will sacri- 
fice only the relatively unimportant action of the extensor digitorum brevis. 

It should be emphasized that, in the closure of these wounds, great care must be taken 
to approximate the severed ends of the extensor retinaculum. This fascial band serves a 
very useful function in maintaining fixation of the extensor tendons as they pass to the 
dorsum of the foot. 

An anterior and posterior neurectomy for pain in the ankle has been performed on 
three patients at the Buffalo General Hospital. For their case histories see Figures 3-A 
to 5-C. 

SUMMARY 

It is believed that effective denervation of the ankle joint can be accomplished by 
transection of the articular branches from the posterior tibial and deep peroneal nerves 
together with sectioning of the lateral terminal division of the deep peroneal nerve. The 
motor loss from such a procedure, involving only the extensor digitorum brevis, is negli- 
gible. 

From the evidence at hand it would seem that development of a neuropathic joint is 
theoretically impossible. In practice, this has been borne out in denervation operations 
on other joints, including neurectomies for the entire lower leg and foot, which incidentally 
would render the ankle joint anaesthetic. There have been no reports in the literature 
of development of neuropathic joints following such operations. 

The operation is not presented as a panacea. It will not replace arthrodesis as the 
method of treatment in the severe arthritides or in patients with instability of the ankle 
joint. The early suecess in the cases reported here is worthy of consideration. A relatively 
simple operation, effective in alleviating symptoms, may be substituted for fusion in 
selected cases. 

The value of the procedure can be determined only by a more extensive series, which 
will also develop criteria for its use. 
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*The posterior branch of the medial calcaneal nerve may also be sectioned for pain associated with 
caleaneal spurs. This procedure will be discussed in a later article. 
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DISLOCATION OF THE HIP COMBINED WITH FRACTURE OF THE 
SHAFT OF THE FEMUR ON THE SAME SIDE* 


BY LIEUTENANT COLONEL ERNST DEHNE, Medical Corps, United States Army, AND 
CAPTAIN E. WILLIAM IMMERMANN, Medical Corps, United States Army 


From the Orthopaedic Section, Oliver General Hospital, Augusta, Georgia 
INTRODUCTION 
Statistics 

Fracture of the shaft of the femur combined with ipsilateral dislocation of the hip 
is a rare injury. Malgaigne in 1855 listed the types of combined fracture-dislocation 
which were found in 2,358 fractures treated at the Hétel Dieu over an eleven-year period; 
his list does not include a single case of combined fracture-dislocation of the femur. Henry 
and Bayumi in 1934 reported on the one case which was observed in 9,945 fractures and 
dislocations treated over an eight-year period at the Kasr el Aini Hospital in Cairo. In 
1948 Wiltberger, Mitchell, and Hedrick reported on another case, which was one of four 
seen in 496,700 patients over a period of thirty-one years at the Henry Ford Hospital 
in Detroit. 

In a review of the literature '* the authors found that nineteen cases have been 
reported and seven more have been mentioned. In addition the authors have observed 
or treated seven cases and have collected information on nine others by personal com- 
munication. This makes a total of forty-two cases. 


Factors Influencing Recovery 


Provided that the dislocation of the hip is recognized at the time of injury, the 
prognosis is favorable in these cases. Extensive fragmentation of the acetabulum or 
aseptic necrosis of the femoral head may, however, impair the final result. If the acetabu- 
lum is fractured, the prognosis varies with the type of fracture. Where there are large 
fragments which may be reduced by closed or open methods, the prognosis and the im- 
mediate results are good. In cases in which there is extensive fragmentation and damage 
to the articular cartilage, the prognosis is uncertain. A poor result may be inevitable in 
such severe injuries. 

Aseptic necrosis, one of the complications most frequently encountered, may be 
prevented by protection from weight-bearing, which in dislocation of the hip combined 
with fracture of the femoral shaft is always a necessary measure. The necessity for open 
reduction in some cases may increase the incidence of aseptic necrosis, even when correct 
diagnosis was made immediately. Nevertheless, those hips in which the dislocation has 
not been reduced promptly are even more susceptible to this complication. 

The importance of diagnosing dislocation of the hip at the time of injury cannot be 
stressed too much. In the forty-two known cases, the dislocation was recognized at initial 
examination in only fifteen. In seventeen cases it was definitely not recognized, and in 
the remaining ten cases we have no information as to when the diagnosis was made. 

In the majority of those cases in which the dislocation was not discovered at initial 
examination, the diagnosis was not made until four to six months later. Failure of the 
femur to unite finally necessitated a search for the cause of the non-union, which fre- 
quently proved to be the unreduced dislocation of the hip. 

A hip which has been out of joint for half a year presents a different and much more 

*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New York, N. Y., 
February 16, 1950. 
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Fia. 1-A Fia. 1-B 
Fig. 1-A: Case 1. Posterior dislocation of the left hip, with fracture of the rim of the acetabulum, 
diagnosed immedis hos ‘ly. The patient also sustained a fracture of the left femur through the site of an 
old fracture which had been plated. A large posterior fragment of the acetabulum was displaced into 
the joint and blocked reduction. The fragment was connected to the ilium by a periosteal bridge. 


Because of a large superficial hematoma at ‘the site of the fracture, with evidence of skin necrosis, es arly 
open reduction was considered inadvisable. 

Fig. 1-B: Roentgenogram made after reduction. The acetabular fragment was restored to its anatomi- 
cal position and secured with two Collison screws. The periosteal bridge was left intact. Reduction of 
the dislocation was accomplished without difficulty. 
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Fig. 1-C: Twenty months after 
Riiury the patient had returned to 
military duty; he had no complaints 
and reported no difficulty. There 
was full range of motion of the 
hip and of the knee. 

Figs. 1-D and 1-E: Anteropos- 
terior and lateral views of the fem- 
oral shaft twenty months after 
injury. 


serious problem than a fresh ’ 
dislocation. In the past, the 
outlook in old dislocations has 
been unfavorable. Moreover, 
an unreduced dislocation is 
often accompanied by non- 
union of the femoral shaft. 
Since the treatment in old 
injuries differs greatly from 
that in fresh injuries, the two 
types of injuries will be dis- 
cussed separately. 


Factors in Diagnosis 


Among the causes of fail- ee 4 
ure to recognize dislocation of eee ees 
the hip at the initial examina- Fig. 1-D Fia. 1-E 
tion, we must consider the 
frequent presence of other severe injuries. This is to be expected in view of the severity of 
the trauma necessary to cause such serious injury to the strongest bone and the strongest 
joint in the human body. Mr. Hackney ' estimates that a force of 10,200 pounds is re- 
quired to produce a dislocation of the hip. It is not surprising, therefore, that other vital 
parts of the body (such as the skull, the chest, and the abdomen) are frequently affected. 
The patient is likely to arrive at the hospital in critical condition, and preoccupation 
with efforts to save his life may be responsible for failure to pay adequate attention to 
the dislocation of the hip. 

A comparative study of cases recorded from 1822 to the present '~** indicates that 
the discovery of the roentgen ray has not increased the percentage of correct diagnoses 
made at the time of the dislocation. Between 1822 and 1896 the dislocations were rec- 
ognized in 50 per cent. of the 16 cases reported; from 1896 to the date of this report over 
60 per cent. had been overlooked.* 

Before the advent of the roentgen ray the physician had to rely on inspection, palpa- 
tion, and manipulation to establish a correct diagnosis. Conscientious application of 
these physical means of examination should continue to aid in the proper evaluation of 
such injuries. More disability can be prevented by immediate recognition of the full 
extent of the damage than by the best reconstructive work attempted after a six months’ 
delay. 





CASE REPORTS 
Fresh Injuries 
Case 1. The patient, a slender white male, twenty-one years old, had fractured his left femur four years 
before the accident which caused the combined fracture and dislocation. The first fracture had been treated 


*Since this paper was submitted for publication, the senior author has found that he had overlooked 
a posterior dislocation of the hip for six weeks. 
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Fig. 2: Case 2. Roentgenogram made three and 4 
half years after injury, in which the patient had 
sustained a fracture of the femoral shaft, together 
with a posterior dislocation of the hip and fracture 
of the acetabulum. A closed reduction of the hip had 
been performed two days after injury and the frac- 
tured femur was treated by skeletal traction for 
three months. The patient returned to military duty 
eleven months after injury but was unable to con- 
tinue. 

Eighteen months after the injury the fracture of 
the femur was well healed and the range of hip motion 
was not limited except by 20 degrees of flexion. 

Three and a half years after injury the patient 
had no complaints, but the roentgenogram reveals 
cystic changes in the head of the femur and narrowing 
of the joint space. (Official photograph, Photographic 
Section, Oliver General Hospital, Augusta, Georgia.) 


by open reduction and fixation with a metal plate. 
It had united, with apparently excellent function, 
since he was admitted to military service. He was 
transferred to the authors’ care three days after the 
| second injury, which occurred when he was thrown 
“as from an automobile. He had sustained a fracture 
Fic. 2 of the left femur through the old fracture site and 
through the metal plate, and a posterior dislocation 
of the hip with fracture of the posterior lip of the acetabulum (Fig. 1-A). 

Skeletal traction through the condyles of the femur was applied upon admission. Check roentgenograms 

revealed improved position of the head in the anteroposterior view, but no actual reduction of the hip. 
There was an extensive, fluctuant subcutaneous hematoma at the site of the fracture of the femoral 
shaft, and the skin appeared tense and dark; early operation on the femoral shaft was considered inadvis- 





able. 

Twelve days after admission and fifteen days after the accident, the hip was approached through a 
posterior muscle-splitting incision. The head of the femur was found dislocated under the gluteal muscles; 
and reduction was blocked by a large posterior fragment of the acetabulum, which had been displaced into 
the joint. This fragment was connected to the ilium by a periosteal bridge. The fragment was lifted out of 
the acetabulum and secured in anatomical position with two Collison screws, and the dislocation was reduced 
without difficulty. The intact periosteal bridge was left undisturbed (Fig. 1-B). 

Forty days after the accident an open reduction of the femur was carried out, the plate and all easily 
accessible screws were removed, and the fracture was stabilized by a dual onlay tibial bone graft. The patient 
remained in traction for six months following the bone graft. Physical therapy was started one month after 
the second operation. At the time of removal of skeletal traction there was excellent range of motion of the 
hip and knee, and the patient was allowed to walk in an ischial weight-bearing caliper brace which he used 
for three months. He was discharged to resume military duty fourteen months after injury. 

The patient was re-examined six months later. He had been performing full military duty without dif- 
ficulty or complaints. He had full range of motion of the hip as well as of the left knee. No abnormality was 
noted except for the scars and one-inch atrophy of the left thigh. Roentgenograms revealed a normal hip 
and well-healed femur (Figs. 1-C to 1-I). 

r Cask 2. The patient sustained a fracture of the shaft of the femur in an automobile accident, together 
with a posterior dislocation of the hip, a fracture of the floor of the acetabulum, and a simple fracture of the 
left olecranon; he was in severe shock. 

Skeletal traction through the tibial tubercle was applied immediately and the hip was reduced by manip- 
ulation under sodium pentothal two days later. The hip was flexed to 90 degrees, and one operator applied 
traction while the other applied direct pressure on the dislocated femoral head. The dislocation was reduced 
with an audible thud. The fractured olecranon required open reduction three weeks after the original injury. 
The fractured femur was treated by skeletal traction for three months. Following this, the patient became 
ambulatory and used a caliper brace with crutches for three months. Five months after injury motion of 
both hip and knee was still limited and the patient suffered discomfort in the hip after walking several bloc ks. 
He remained on limited weight-bearing for a total of nine months. He returned to military duty at his own 
request eleven months after injury and was sent to Saipan. However, he was unable to continue on full duty. 
He was returned to the Zone of the Interior eighteen months after the initial injury, at which time he was 
examined by the authors. He had a normal range of hip motion in all directions, except for 20 degrees of 
limitation of flexion. The range of knee motion was 180 to 70 degrees. 
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Fia. 3-A 





Fic. 3-B 


Fig. 3-A: Case 3. Roentgenogram showing a posterior dislocation of the hip, with extensive fragmen- 
tation of the acetabulum, and fracture of the femoral shaft at the juncture of the proximal and middle 


thirds. 


Fig. 3-B: The femur was reduced through a lateral incision on the day of injury and was nailed with a 
Steinmann pin. The same exposure permitted replacement of the head of the femur. The fragments of 


the acetabulum remained displaced. 


The patient was transferred to the authors’ care three weeks later and was placed in Russell traction. 


Fig. 3-C: Demonstrating flexion twenty 
weeks after injury. The patient was re- 
ceiving physical therapy while being 
maintained in Russell traction. (Official 
photograph, Photographic Section, Oliver 
General Hospital, Augusta, Georgia.) 


The patient was re-examined by the 
Veterans Administration three and one- 
half years after his injury (Fig. 2). At 
that time his only complaint was slight 
limitation of motion of the left elbow. 


Case 3. The patient was a white 
male, twenty-six years old. He had col- 
lided with a car while riding a motorcycle 
and had sustained a comminuted fracture 
of the left acetabulum with a posterior dis- 
location of the hip and fracture of the 
shaft of the femur at the juncture of the 
proximal and middle thirds (Fig. 3-A). 

Open reduction of the hip and femur 
through a lateral incision was performed 
on the day of injury. The reduction of 
the femur was maintained by an intra- 








Fig. 3-C 


medullary Steinmann pin (Fig. 3-B). No attempt was made to reduce the fragments of the acetabulum. 
The patient was transferred to the authors’ care three weeks after this operation and was placed in Russell 
traction. Fifteen weeks after injury the patient was still in traction, the dislocation had been reduced, and 
the femur was clinically solid. The range of motion of the knee was from 180 to 120 degrees. The range of 
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Fic. 4-A Fic. 4-B 
Fig. 4-A: Case 4. Roentgenogram made on the day of injury, in which the patient sustained a pos- 
terior dislocation of the hip and a fracture of the femoral shaft. 
Fig. 4-B: The hip was reduced on the day of injury; the fracture of the femoral shaft was reduced 
seven days later and two Lane plates were applied. 


hip motion was limited by the Russell traction, but there was excellent lateral motion, rotation, and flexion 
(Fig. 3-C). 


Case 4. (Courtesy of Dr. Sidney J. Schafer, Wesley Memorial Hospital, Chicago.) The patient was a 
white male, forty-three years old, who was hit by a truck, sustaining a posterior dislocation of the hip and 
fracture of the middle third of the femoral shaft (Fig. 4-A). 

The dislocation was reduced on the day of injury by manipulation under anaesthesia; seven days later 
the fracture of the shaft of the femur was reduced and two Lane plates were applied (Fig. 4-B). After nine 
months the patient refractured the femur and underwent another open reduction with bone graft. Following 
this the femur healed. The patient became ambulatory, with a full range of motion in the hip and no pain 
(Fig. 4-C). . 

Roentgenograms taken thirty months after the injury revealed some increased density of the head 
apparently secondary to aseptic necrosis. The patient still had a full range of motion and no pain (Fig. 4-D). 


Cass 5. (Courtesy of Colonel Milton S. Thompson.) The patient was a white male thirty-two years old 
who was injured in an automobile accident. He sustained a posterior dislocation of the left hip and a simple 
transverse fracture at the juncture of the proximal and middle third of the left femur (Fig. 5-A), as well as 
a complete fracture of the mandible, and injury to the left sciatic nerve. 

Attempts at closed reduction of the dislocation by skeletal traction on the proximal fragment of the 
femur were unsuccessful. Open reduction was performed without difficulty. The fracture was plated and was 
reinforced by iliac grafts (Fig. 5-B). Convalescence was uneventful and the foot-drop recovered. However, 
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Fia. 4-C Fic. 4-D 


Fig. 4-C: Nine months after injury the hip had a normal appearance. At this time the patient re- 
fractured the femur; an open reduction, with bone graft, was performed. The fracture united and the 
patient became ambulatory, with a full range of hip motion and no pain. 

Fig. 4-D: Thirty months after the injury there is some increased density of the head apparently 
secondary to an aseptic necrosis. 


a postoperative myositis ossificans developed, which required excision of the newly formed bone nine months 
after injury. 

Two years after injury the patient had 110-degree flexion of the hip, normal rotation, abduction, ad- 
duction, and extension (Fig. 5-C). He is employed as a railway laborer. 


Case 6. (Courtesy of Major R. C. Rounds, Medical Corps, United States Air Force.) The patient was 
observed overseas. Both fracture of the femur and dislocation of the hip were recognized immediately. An 
attempt at closed reduction of the dislocation was unsuccessful. An open reduction of the fracture of the 
femoral shaft was then carried out, and during the operation an attempt was made to reduce the dislocation 
by direct manipulation of the proximal fragment with a lion’s jaw forceps. This attempt was also unsuccessful 
and the patient was evacuated to the Zone of the Interior for treatment. No further information about the 
patient is available, but the case is reported because it is of interest that open reduction of a dislocation of 
the hip may become necessary even in fresh and immediately recognized injuries. 


Case 7. The patient was a white male, twenty-eight years old. A truck in which he was riding over- 
turned, and he sustained a compound, coraminuted fracture of the left femur at the juncture of the middle 
and distal thirds. There was also present a simple comminuted fracture of the left femur at the juncture of 
the middle and distal thirds, as well as a fracture of the right acetabulum, together with a posterior dislocation 
of the right hip and a displaced fracture of the posterior lip of the right acetabulum. The right supra-orbital 
ridge was also fractured. The patient was in severe shock. 

The dislocation of the right hip was not discovered until one month after injury, but it could then be 
reduced by manipulation. The left femur was plated at the same time. The right femur showed delayed 
union after five months and was treated by open reduction with a bone plate and tibial graft. This femur was 
kept immobilized in traction, and then in a spica for a total of ten months. The patient then became ambu- 
latory and wore a brace for another thirteen months. 

He was examined by the authors two years after injury. At that time examination of the right hip 
revealed a flexion deformity of 15 degrees, and two inches of shortening. Hip flexion was possible to 95 degrees, 
adduction was limited by 5 degrees, and abduction by 20 degrees. The range of motion of the right knee was 
from 180 to 135 degrees. The patient had no subjective complaints and was ambulatory without support. 

Roentgenograms were taken by the Veterans Administration four years after the accident (Fig. 6-A). 
The right hip showed some posterior subluxation. The right femur was well aligned, but a line of radiolucency, 
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Fig. 5-B 

Fig. 5-A: Case 5. The patient sustained a posterior dislocation of the left hip and a simple 

transverse fracture of the shaft at the juncture of the proximal and middle thirds. Open reduction 

was performed after skeletal traction on the proximal fragment had failed to reduce the dislocation. 
(Official photograph, Brooke General Hospital, United States Army.) 

Fig. 5-B: The fracture was plated and iliac bone grafts were used for support. A postoperative 

; myositis ossificans developed. (Official photograph, Brooke General Hospital, United States Army.) 








Fig. 5-C 
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Fig. 5-C: Roentgenogram made two years after injury. Flexion of the hip is 110 degrees, rotation, 
abduction, adduction, and extension are normal. At this time the patient was working as a railroad 
laborer. (Official photograph, Brooke General Hospital, United States Army.) 





Fia. 6-A 


Figs. 6-A, 6-B, and 6-C: Case 7. Roent- 
genograms made four years after injury, in 
which the patient had sustained a posterior 
dislocation of the right hip, a displaced 
fracture of the posterior lip of the acetabu- 
lum, and a fracture of the supra-orbital 
ridge, together with a fracture of the ipsi- 
lateral femur at the junction of the middle 
and distal thirds. There was also a com- 
pound comminuted fracture of the left 
femur at the juncture of the middle and 
distal thirds. ek Me 

The dislocation of the hip was discovered 
one month after injury and was reduced by 
manipulation, and the fracture of the con- | . - 
tralateral femur was plated at the same Fic. 6-B Fig. 6-C 
time. 

The patient became ambulatory ten months after the injury with an ischial weight-bearing caliper 
which he wore for an additional thirteen months. 

Fig. 6-A: Roentgenogram made twenty months after the injury. The hip is asymptomatic in spite 
of flexion deformity of 15 degrees, posterior subluxation, and narrowing of the joint space. 

Figs. 6-B and 6-C: Ante roposterior and lateral roentgenograms of the right femur twenty months af- 
ter injury. There is shortening of 2 inches and moderate atrophy of the thigh, but the fragments are in 
good alignment, and in spite of the non-union and four broken screws the patient had no complaints. 





with adjacent sclerosis, was present at the fracture site, indicating non-union. The three screws anchoring 
the bone plate to the distal fragment, as well as one screw of the proximal fragment, were broken (Figs. 
6-B and 6-C). 

This case falls into an intermediate group inasmuch as the dislocation was not dis- 
covered for one month. It is listed with the fresh cases since it was still possible to reduce 
the dislocation by closed manipulation one month after injury. 


Unrecognized Dislocations 

Cases 8 and 9. Dr. Lorenz Béhler has observed two cases with bilateral fractures of 
the femora, and unilateral dislocation of the hip which had remained unrecognized. In 
both of these cases open reduction of the dislocation was necessary. The results were not 
considered satisfactory since the hips became stiff. Because of unfavorable experience 
with open reduction of old dislocations, Dr. Béhler advises subtrochanteric osteotomy 
rather than reduction. This procedure has given satisfactory results in his hands. 

Case 10. (Courtesy of Major Roy C. Rounds, Medical Corps, United States Air Force.) The patient 
Was injured in an automobile accident. A fracture of the femur was recognized and treated, and the patient 
was discharged from the hospital thirteen months after his injury. When he became weight-bearing there 
was instability of the hip and considerable shortening of the extremity. Roentgenograms revealed a persistent 
posterior dislocation of the hip. Open reduction was then undertaken, Upon exposure of the head of the 
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Fig. 7-A 


Figs. 7-A and 7-B: Case 15. The patient sustained 
a fracture in the middle third of the femur and a 
posterior dislocation of the ipsilateral hip, as well 
as paralysis of the sciatic nerve. The dislocation 
was recognized immediately, and the patient was 
placed in skeletal traction. Anteroposterior roent- 
genograms appeared to show that the dislocation 
had been reduced. 

Four months after injury the patient was trans- 
ferred to the authors’ care. There was still non-union 
of the femur without alignment, and a persistent 
dislocation of the hip was revealed. 

Fig. 7-A: Roentgenogram made three months 
after open reduction, performed four months after 
the injury. Skeletal traction was applied before 
reduction, in order to secure as much muscle length- 
ening as possible. The reduction was then begun 
through a posterior approach but could not be 
effected until the muscle attachments about the 
hip were freed by osteotomy of both trochanters. 
There was narrowing of the joint space and evidence 
of an aseptic necrosis. A screw was used to re- 
attach the greater trochanter. (Official photograph, 
Photographie Section, Oliver General Hospital, Au- 
gusta, Georgia. ) 

Fig. 7-B: The femur was plated during the same Fic. 7-B 
operation through an extension of the posterior siti 
approach to the hip. The bowing is the result of 
shortening and of the tension of the soft tissues. The fracture healed without further difficulty. (Official 
photograph, Photographic Section, Oliver General Hospital, Augusta, Georgia.) 





femur, the surgeon found extensive degeneration of the articular cartilage which peeled off the underlying 
bone. The joint cavity was filled with scar tissue. Partial reduction by traction and manipulation was possible 
after all the articular cartilage had been removed. The hip was arthrodesed and reinforced with bone grafts. 
The patient could not be followed. 

Cases 11 and 12. (Courtesy of J. R. Armstrong, Air Wing Commander, Royal Air 
Force.) These patients both had an old unreduced dislocation of the hip associated with 
fracture of the femoral shaft. In both cases attention had been directed to the fracture, 
and the dislocation had been missed. Mr. Armstrong states that he found the manage- 
ment of these cases extremely difficult. In both instances the fracture of the femoral shaft 
was ignored, and open reduction of the dislocation was carried out. The extremities were 
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then immobilized in spicas in as good a position as could be secured by manipulation. 

Both cases required subsequent bone-grafting of the fracture, and in each instance 
the entire surgical program required more than a year. In the first case an arthrodesis 
was performed in two stages. In the second case the initial reduction was combined with 
a first-stage arthrodesis, reinforced two weeks later by another procedure which included 
the use of a three-flanged nail. This did not result in sound fusion of the hip, and Mr. 
Armstrong now does not consider the combination of an open reduction with a first-stage 
arthrodesis a satisfactory procedure. In his opinion, open reduction of an old dislocation 
of the hip presents considerable difficulty, particularly in the case of a short and relatively 
uncontrollable proximal fragment of the femur. He feels strongly that the dislocation of 
the hip should be dealt with immediately and that this should take precedence over as- 
sociated injuries. If the case is seen by an orthopaedic surgeon after the traction has been 
applied, the anteroposterior roentgenogram of the hip may be deceiving; this may be 
one of the causes of failure to recognize the dislocation. 

Case 13. (Courtesy of Colonel Oral B. Bolibaugh, United States Army.) This is a case of unrecognized 
dislocation of the hip combined with fracture of the femur observed many years ago. The initial treatment 
had been carried out in another hospital and the dislocation of the hip had not been recognized. The fracture 
of the proximal third of the femoral shaft had been plated. At the time the patient came under Colonel Beli- 
baugh’s care he had active osteomyelitis of the femur at the site of the open reduction. Roentgenographic 
examination revealed persistent dislocation of the hip. After the osteomyelitis had cleared up and the shaft 
of the femur had united, an open reduction of the hip was carried out, under considerable difficulty. A satis- 
factory position was obtained, but the hip became stiff. 

Case 14. In this patient the fracture of the femur was plated overseas; the dislocation of the hip had 
apparently been overlooked. The dislocation was discovered at the time of the patient’s arrival in the United 
States, and it was then found that the fracture had healed. Open reduction of the dislocation through an 
anterior incision was carried out in a procedure lasting four and a half hours. The patient was placed in a 
spica and subsequently came under the observation of one of the authors. The hip at that time was solidly 
ankylosed. The patient became ambulatory and later a spontaneous vertical fracture developed through the 





Fia. 8-A 
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Figs. 8-A-8-I5: Case 16. The patient sustained a posterior dislocation of the right hip and a fracture al 
of the femoral shaft on the same’side, together with a fracture of the patella. There were several other _| 
severe injuries. The dislocation of the hip and the fracture of the patella were overlooked at the time }| “ 
of initial examination. An open reduction of the femur was performed and the fragments were secured a 


with a wire suture. The dislocation was recognized four and a half months after injury. 
Fig. 8-A: Roentgenogram made five months after injury. The medial angulation of the proximal 
fragment at the site of the non-union of the shaft is characteristic of an existing persistent dislocation 


of the hip, and even if the hip joint were not shown a dislocation should be suspected. The distal frag- Qe 
ment of the femur points toward the acetabulum because traction has been applied. dif 
Fig. 8-B: Lateral roentgenogram made after open reduction, seven months after the injury. The Wi 
dislocation was reduced without difficulty throug an anterior incision, and the fracture was reduced | gb 
through an extension of the same incision. The bone graft was obtained through an oblique osteotomy! om 
in shortening the femoral shaft. : 
Fig. 8-C: Anteroposterior view, demonstrating an aseptic necrosis of the entire head. (Fi 
Fig. 8-D: Showing shortening of the femur, and the range of motion eight months after the operation. (Fi 
The knee motion is limited by malunion of a fracture of the patella. red 
Fig. 8-E: Roentgenogram made two years and nine months after the operation. The parts of the head the 
which have undergone revascularization show extensive structural rearrangement. Full weight-bearing Ty} 
was instituted at this time. (Official photograph, Photographie Section, Oliver General Hospital, . 
Augusta, Georgia.) me 
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neck of the femur. There was no roentgenographic | 
evidence of aseptic necrosis of the head. | 


CasE 15. The patient was hit by a falling tree 
and sustained a fracture in the mid-shaft of the femur, 
a posterior dislocation of the hip on the same side, and | 
paralysis of the sciatic nerve. | 

Both the dislocation and the fracture were rec- | 
ognized in the initial examination. The patient was 
placed in skeletal traction, and the anteroposterior 
roentgenogram appeared to show that the hip had 
been reduced. Numerous roentgenograms made during 
the following four months were mainly concerned 
with the fracture, which could not be properly aligned. | 
After this four-month period the patient was trans- | 
ferred to the authors’ care. 





Non-union of the femur and persistent dislocation 
of the hip were found; there was no evidence of recovery 
of the sciatic nerve. Open reduction was preceded by 
skeletal traction to secure as much muscle lengthening 
as possible. The hip was then approached through a | 
posterior incision; the sciatic nerve was inspected and 
found to be intact. The scar tissue which filled the 
acetabulum could be removed easily, but reduction of | 
the dislocation was not possible until the muscle at- 





tachments had been freed by osteotomy of both the 
greater and lesser trochanters. The incision was then es 





extended distally. The fragments of the femur were Fig. 8-E 
aligned with difficulty because of the muscle shorten- 

ing. In an attempt to prevent ankylosis of the hip such as was observed in the previous case, skeletal traction 
was applied, with immediate active and passive motion of the hip. At first the patient had good motion, but 
this decreased gradually until the hip became ankylosed. The shaft of the femur healed without further inci- 
dent, while an aseptic necrosis developed in the head (Figs. 7-A and 7-B). 


Cask 16. The patient was a white male, twenty-six years old, who was injured in an automobile ac- 
cident. There were a posterior dislocation of the right hip, fracture of the shaft of the right femur between 
the proximal and middle thirds, fracture of the right patella, and many other injuries, including a severe 
head injury with loss of consciousness for three weeks. The fracture of the patella and the dislocation of the 
hip were overlooked at the time of initial examination. Alignment of the fractured femur was secured by 
a wire suture. 

The dislocation was discovered when the patient was transferred to a military installation and came 
under the authors’ care, four and one-half months after injury. At that time the fractured patella had united, 
with some deformity, the femur showed malposition and non-union, and the hip was dislocated (Fig. 8-A). 


In view of our experience with previous cases, we felt that the shortening of muscles 
and soft tissues resulted in excessive unphysiological pressure on the hip after reduction 
and that this was instrumental in producing postoperative ankylosis. It was therefore 
decided to attempt open reduction of the hip combined with shortening of the femur to 
a point where it could be united without tension of the soft tissues. 


The operation was carried out seven months after the injury. The hip was exposed through an anterior 
incision, the cicatrix was removed from the acetabulum, and the head of the femur was reduced without 
difficulty. The incision was then extended distally between the rectus femoris and the vastus lateralis, the 
wire loop was removed from the site of the non-union, and the proximal fragment was shortened by an 
oblique osteotomy. The fragments were then aligned without tension, and the bone was secured by a plate 
and transfixion screws, the fragment obtained from the osteotomy being used as a supportive bone graft 
(Figs. 8-B and 8-C). The patient made an uneventful recovery and retained almost full motion in the hip 
(Fig. 8-D). The patient was not permitted any weight-bearing for two years and nine months following 
reduction of the dislocation, but was ambulatory on crutches. Since revascularization of the necrotic cap of 
the femoral head did not seem to progress, he was then permitted full weight-bearing and unlimited activity. 
The hip has since remained entirely asymptomatic, and the patient has returned to military duty as a 
medical corpsman. 
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TREATMENT 


Treatment is based on recognition of the dislocation. The suggestions for avoiding 
failure to diagnose dislocation of the hip cound trivial; nevertheless, since over 50 per 
cent. of all known cases remained unrecognized, they are stated. A dislocation of the hip 
may be suspected if the proximal fragment is adducted, or if the fragments do not line 
up under traction as would be expected. Examination of the hip should be carried out 
by manual palpation as well as by roentgenogram. Both anteroposterior and lateral 
views are necessary. 


Treatment of Fresh Dislocation of the Hip Combined with Fracture of the Femoral Shaft 


In cases where there is a simple dislocation of the hip uncomplicated by fracture of 
the acetabulum, an attempt at closed reduction by manipulation or direct skeletal trac- 
tion on the proximal fragment is often successful. 

When dislocation of the hip is complicated by fracture of the acetabulum and there 
is no extensive fragmentation, the hip may appear reduced in the anteroposterior roent- 
genogram, but the acetabular fragment may be displaced anteriorly into the acetabulum 
and prevent reduction. In this event, open reduction through a posterior approach with 
repair of the acetabulum is necessary. 

In cases where dislocation of the hip is combined with shattering of the acetabulum 
into multiple fragments, open reduction and reconstruction of the acetabulum is advised 
only if accurate reduction of the dislocation cannot be maintained. 


Management of the Fracture of the Shaft in Fresh Injuries 

In most of the cases in this series open reductions have been performed or bone grafts 
at a later date have been necessary, but there is no primary necessity for an operative 
procedure unless instability of the proximal fragment creates a special indication. 

A combined operation for reduction of the dislocation and internal fixation of the 
shaft is a formidable procedure, and in fresh injuries may be performed in two stages. 


Treatment of Unrecognized and Unreduced Dislocation of the Hip 


When a persistent dislocation of the hip is combined with non-union of the fractured 
shaft, a major procedure for dealing with both the dislocation and the non-union at the 
same time may be necessary. The site of the non-union is exposed and the fragments are 
mobilized first, in order to permit free manipulation of the proximal fragment. If satis- 
factory reduction of the dislocation is obtained, the femur is shortened to the point 
indicated by the amount of overriding of the fragments. This prevents the abnormal 
tension of the shortened muscles and undue pressure on the articular cartilage of the hip. 

The authors have had personal experience with both the anterior and the posterior 
approach in open reduction. The anterior approach is recommended as the procedure 
which is less difficult technically. The posterior approach was elected in one case where 
persistent paralysis of the sciatic nerve made exploration of the nerve desirable. 


SUMMARY 


Recognition of the dislocation in cases of combined dislocation of the hip and fracture 
of the femoral shaft is the most important factor in the prognosis and treatment of this 
injury. 

If the dislocation is recognized prognosis for the injury is good. 

The prognosis for patients in whom dislocation of the hip has remained unrecognized 
for a prolonged period has been poor. The authors suggest shortening of the femoral shaft 
as part of the treatment in such cases. 

In fractures of the femur, a dislocation of the hip should be suspected if the proximal 
fragment is adducted or if medial angulation persists at the fracture site in spite of traction. 
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TRAUMATIC DISLOCATION OF THE HIP 


A Survey or Two HuNDRED AND Four Cases COVERING A PERIOD 
oF TWENTY-ONE YEARS * 


BY VERNON P. THOMPSON, M.D., AND HERMAN C. EPSTEIN, M.D., LOS ANGELES, CALIFORNIA 


From the Department of Orthopaedic Surgery, Los Angeles County Hospitai, 
and University of Southern California School of Medicine 


Traumatic dislocations of the hip are so infrequent that it is difficult for any one 
observer to accumulate a series large enough for a proper statistical study of this important 
injury. 

This report, based on a study of 204 dislocations, 116 of which were suitable for 
analysis, permits evaluation of some aspects of the injury, but the series is still too small 
in volume to permit evaluation of others. 

MATERIAL 

There were 204 patients with dislocation of the hip treated in the Los Angeles County 

Hospital during the twenty-one-year period from July 1928 to July 1949. One hundred 
TABLE I 


DISTRIBUTION OF 204 CasEs OF DISLOCATION OF THE Hip By TypE, SEX, AND AGE GROUPS 





Type of No. of Age No. of Per Cent. 
Dislocation Cases Per Cent. (Years) Cases of Series 
Anterior 18 9 0 to 15 17 8 

| 
Posterior 186 91 16 to 30 85 42 
Total 204 100 31 to 40 46 23 
No. of 41 to 50 30 14 

Sex Cases Per Cent. 

Male 153 75 51 to 60 16 8 
Female 51 25 61 to 80 10 5 
Total 204 100 204 100 


and thirty additional cases of central fracture or central fracture-dislocation seen during 
this same period are not included in this survey, but will be reviewed separately. During 
the first ten and a half years of the survey, there were seventy-two cases. During the 
second half of the survey there were 132 cases, an increase of 70 per cent. Of the 204 cases 
there was one anterior dislocation to every ten posterior dislocations (Table I) ; one fourth 
of all dislocations occurred in females; and nearly two thirds of the patients were between 
the ages of sixteen and forty years. Five deaths occurred within one to five days because 
of severe multiple injuries. 
These dislocations were treated on a large fracture service by many orthopaedic 
* Based on a preliminary report given to the Western Orthopedic Association, Santa Barbara, Cali- 
fornia, October 21, 1949. : : ; z) 
Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New York, N. Y. 
February 16, 1950. ; } ; 
Received the Kappa Delta Award at the Annual Meeting of The American Academy of Orthopaedic 
Surgeons, Chicago, Illinois, January 31, 1951. 
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TRAUMATIC DISLOCATION OF THE HIP 747 


surgeons trained at various medical centers. The supervision probably represented a cross 
section of experience and opinion of the period covered by the twenty-one-year survey. 
The prompt recognition of the dislocation and treatment of most of the patients, consider- 
ing the high incidence of serious associated injuries, must be credited to the resident staff. 

The chief fault in the material is the lack of repeated observations, especially in those 
cases with a longer follow-up period. Standards for the selection of cases and for methods 
of evaluation were, therefore, carefully considered in order to make up for this defect as 
far as possible. 

Kighty-eight of the 204 patients were excluded from this study for either one of two 
reasons. First, because the result could not be properly ascertained. For instance, no case 
not physically or roentgenographically examined was included on negative evidence alone. 
(Nine patients re-admitted to the Hospital for other conditions were not included because 
there was no mention of the hip in the new history, no note in the physical examination, 
and no follow-up roentgenogram of the hip. Two former patients, treated as children, 
reported by telephone, ten and thirteen years after injury respectively, that they had no 
symptoms, but there was no other confirmation and they were not included in the series.) 
Second, cases with a good result were discarded if they had been followed for less than 
one year. However, since only one case had an initially fair result which later improved 
enough to be classified as good, it was decided to include all cases having a fair or poor 
result, even if the period of follow-up was less than one year.* 

Exclusion of these eighty-eight dislocations leaves a series of 116 cases considered 
suitable for analysis. 

For this purpose sixty-eight cases were examined clinically by one or both of the 
authors; thirty-six were examined by other orthopaedic surgeons; ten by physicians or 
personal communication; and two were not examined clinically. Of these, 106 were ex- 
amined by roentgenographic review by both authors. No end-result roentgenograms were 
available in ten cases. 

The minimum follow-up period was three months, the maximum, nineteen years and 
four months. There were seventy-eight cases followed for less than five years and thirty- 
eight cases followed for more than five years. The average period of follow-up was three 
years and nine months. 

CLASSIFICATION OF INJURY 
Dislocations were divided into anterior and posterior groups. The posterior disloca- 
tions were divided into five types: 
Type I. With or Without Minor Fracture. 
Type II. With Large Single Fracture of Posterior Acetabular Rim. 
Type III. With Comminuted Fracture of Rim of Acetabulum, With or Without 
Major Fragment. 
Type IV. With Fracture of Acetabular Rim and Floor. 
Type V. With Fracture of Femoral Head. 

The separation of posterior dislocations with fracture of a large single fragment of 
the posterior acetabular rim from the dislocations with comminuted fractures of the pos- 
terior rim will be shown to be justified by the choice of treatment used and by the differ- 
ence in outcome. 

Armstrong used an anatomical classification of four main types: dislocation only, 
dislocation with fracture of the acetabular rim, dislocation with fracture of the acetabular 
floor, and dislocation with fracture of the femoral head. The fractures of the acetabular 
floor included central dislocations in the cases reported. The authors’ classification divides 
into two types the dislocations with acetabular-rim fracture and excludes central fractures 


* Of the total of seventy-cight cases with fair or poor results, twenty-six had a follow-up period of less 
than one year, 
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TABLE II 


ROENTGENOGRAPHIC CRITERIA FOR EVALUATING RESULTS 





Excellent (Normal) 


All of the Following: Good (Minimal Changes) 


1. Normal Relationship between Head and 1. Normal Relationship between Head and 
Acetabulum. Acetabulum. 
2. Normal Articular Cartilaginous Space. 2. Minimal Narrowing of Cartilaginous Space. 
3. Normal Density, Head of Femur. 3. Minimal De-ossification. } 
4. No Spur Formation. 4. Minimal Spur Formation. 
5. No Calcification in Capsule. 5. Minimal Capsular Calcification. 
Fair (Moderate Changes) Poor (Severe Changes) 
1. Normal Relationship between Head and 1. Almost Complete Obliteration of Cartilaginous 


Acetabulum. Space. 


Any One or More of the Following: 2. Relative Increase in Density of Femoral Head. 
2. Moderate Narrowing of Cartilaginous Space. 3. Subchondral Cyst Formation. 
3. Mottling of Head, Areas of Sclerosis, and 4. Formation of Sequestrae. 
Decreased Density. 5. Gross Deformity of Femoral Head. 
4. Moderate Spur Formation. 6. Severe Spur Formation. 
5. Moderate to Severe Capsular Calcification. 7. Acetabular Sclerosis. 


j. Depression of Subchondral Cortex of the 


o> 





Femoral Head. 


f 
without posterior dislocation. After reduction, many cases of our Type IV have the appear- i 
ance of central fractures with medial displacement of the head. The variety of positions | 
of the head and the extent and comminution of the accompanying fractures occasionally 
make precise classification difficult. However, for purposes of this study, the classification 
given has been satisfactory. Several subdivisions made early in the survey later proved 
not to be useful. 

Campbell divided posterior dislocations with posterior rim fractures into three types, 
based on the extent of displacement of the head as shown in the roentgenogram. He also 
stressed the fact that a slight displacement of the head may easily be missed. This is con- 
firmed by several cases in this series which were unrecognized until lateral roentgenograms 
were made. Since it is usually impossible to know the extent of the excursion of the head 
at the moment of dislocation or to determine the amount of movement toward reduction 
at the time the roentgenogram is made, we have classified these cases on the basis of the 
type of bone and joint injury. 

CLASSIFICATION OF RESULTS 

The results were judged independently by roentgenographic and clinical methods. 
If the two methods disagreed as to result, the case was assigned to the lower of the two 
grades. 
The roentgenographic rating was based on the following observations (Table II): 

1. Position: Reduced. Not Reduced. 

2. Cartilaginous Joint Space: Normal. Diminished (Mild, Moderate, Severe). 
3. Variations in Bone Density of Head: Mottling, Cystic Formation, 


Vv. 





or Sequestra. 
4. Subchondral Irregularities of Head. 
5. Acetabular Sclerosis. 
6. Capsular Calcification: Mild, Moderate, Severe. 
7. Spur Formation: Mild, Moderate, Severe. 
Results were considered to be excellent when there was no change due to trauma 
(Figs. 1-A to 2-B and 4-A to 4-C); good when there were minimal changes (Figs. 5-A and 
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TABLE III 


CLINICAL CRITERIA FOR EVALUATING RESULTS 





Excellent: 
All of the Following 
. No Pain. 
. Full Range of Hip Motion. 
. No Limp. 
. No Roentgenographic Evidence of Progressive 
Changes. 


~— ene 


Fair: 
Any One or More of the Following 
. Pain, but Not Disabling. 
2. Limited Motion of Hip. No Adduction 
Deformity. 
. Moderate Limp. 


—_ 


1. No Pain. 

2. Free Motion (75 per cent. of Normal Hip). 
3. No More than a Slight Limp. 

X. Minimal Roentgenographic Changes. 


Poor: 
Any One or More of the Following 
1. Disabling Pain. 
2. Marked Limitation of Motion or Adduction 
Deformity. 
3. Redislocation. 











be oo 


‘. Moderately Severe Roentgenographic Changes. X. Progressive Roentgenographic Changes. 


(X = Roentgenographic criteria summarized) 


5-B, 10-A and 10-B, 11-A to 11-D); fair when changes were moderate (Figs. 8-A and 8-B); 
and poor when changes were severe (Figs. 9-A to 9-C, 12-A to 12-C, 13-A to 13-D). 

The clinical criteria for the evaluation of results are summarized in Table III. With 
respect to subjective findings, patients who had no pain were considered to have excellent 
or good results. A patient with a good result, however, might have a sense of stiffness 
after long sitting. Patients were considered to have a fair result if they had some pain 
but not to an incapacitating degree, even if they had to change to a less arduous occupation 
than before. In those patients with poor results the pain was considered disabling even 
if the patient was only partially incapacitated. Thus a housewife able to do her cleaning 
and cooking adequately, but requiring frequent rest or a crutch, was considered to have 
a poor result. 

Objectively, those hips with normal physical findings were classified as excellent, 
while those with some restriction of motion, but without muscle spasm or deformity, were 
classified as good. Some patients with a good result had a slight limp after fast walking 
or gave a history of limp upon fatigue. Patients with significant limitation of motion but 
no adduction deformity were considered to have a fair result; in these patients muscle 
spasm usually could be elicited by forcing motions at their extremes; a limp was usually 
present. The findings in the poor results were muscle spasm with severe restriction of mo- 
tion, adduction deformity, and limp. 


Comparison of Roentgenographic Grading and Clinical Grading 


A comparison of results of the roentgenographic grading and the clinical grading is 
shown in Table IV. This table is made by cross-charting the results under both the clinical 
grades (read vertically) and the roentgenographic grades (read horizontally) in the 104 
cases suitable for the method. The twelve cases with an unknown result by one or the 
other method are shown, to account for the total of 116 cases. 

Of the 104 cases in which results were evaluated by both methods, there was complete 
agreement in eighty. In the twenty-four cases where the two methods of grading produced 
different results, the difference was by one grade only in twenty-two cases and by two 
grades in two. It is interesting that in sixteen of these the clinical evaluation was less 
favorable than the roentgenographic findings. 

As it was believed that there were certain to be a few overlapping cases, the lower 
grade by either method was chosen to provide the proper rating for the case in which 
roentgenographic change lagged behind symptoms, or in which the pathological changes 
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Fig. 2-A 

R. E. 845-481. Twenty-eight years old. 
The roentgenograms show another ex- 
ample of an anterior dislocation without 35770 STER 
fracture; the result was excellent. 

Fig. 2-A: The patient was struck by an 
automobile November 15, 1947. Besides 
the dislocation there was a compound 
fracture in the contralateral extremity. 
Reduction was performed on the same 
day. Traction was applied for three 
months and the patient walked after 
four menths. 

Fig. 2-B: Follow-up roentgenogram two 
years later. The range of hip motion was 
normal and the patient had no complaints. 

Fig. O. 435-770. The roentgeno- 
gram shows an anterior dislocation with 
fracture of the ilium. Because there was no 
follow-up examination, this case was used 
only to illustrate this type of fracture. 


revealed by roentgenograms were 
not fully symptomatic. 
Results in the 116 Dislocations 
Classified according to Type 
(Table V) 

Anterior Dislocations 

Only five of the eighteen pa- 
tients with anterior dislocations 
could be traced. They all had ex- 


= P Fic. 3 
cellent results. The number is too 


small to be significant, and poor results are known to occur sometimes, but the outcome 
appears to be favorable as far as this group is concerned. 


Posterior Dislocations (111 cases) 
Type.I posterior dislocations numbered thirty cases. There were ten each of excellent 
and good results and five each of fair and poor results. 
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Fia. 5-A Fia. 5-B 


i G. J. 801-858. Twenty years old. The 
} patient sustained a posterior dislocation, 
» Type I. The result was good. 

Fig. 5-A: Roentgenogram made on the 
day of injury, April 12, 1942. The patient 
was in an auto which crashed into a 
train. The dislocation was reduced on 
the same day. Traction was applied for 
ten days and the patient walked after 
six weeks. 

Fig. 5-B: Roentgenogram made seven 
years and four months later. There is 
minimal spur formation at the superior 
margin of the head and neck. The patient 
had no pain but felt discomfort after 
sitting, and there was slight limitation 
of hip motion. 

Fig. 6: H. C. 658-147, twenty-one years 
old. The roentgenogram shows a posterior 
dislocation, Type I, which later had a 
fair result. The patient was injured in an 
auto collision on March 10, 1939, and 
entered the hospital twelve days after 
the injury. Three attempts at reduction 
were made within three days. The period 
of follow-up was five months. There was 
extensive myositis ossificans. This was 
one of two such cases in the series. 








Type II included twenty-two 
cases. The results were distributed 
as excellent, none; good, seven; 
fair, six; poor, nine. Comparison 
of the results in Types I and II 
suggests a difference in expected outcome. 

Types III, IV, and V, like Type II, showed no excellent results A great proportion of 
these cases had either fair or poor results. In Type III, sixteen of twenty-eight cases had 
poor results. Type IV showed fifteen out of twenty cases rated as pcor. Type V, with only 





eleven cases, showed one good result and five each in the fair and poor grades. 
It was thought that the apparent differences in outcome in Types I and II compared 
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TABLE IV 


ROENTGENOGRAPHIC GRADING COMPARED WITH CLINICAL GRADING 

















Roentgenographic Clinical Grade 

Grade Excellent Good Fair Poor Unknown Total 
a i |? o- 
Poor “ee Sr Wie ie 0 PA 
Unknown 0 3 3 4 0 10 
Total 15 29 20 50 2 116 














Clinical grades read downward; roentgenographic grades read across. 

In 12 cases clinical or roentgenographic results are unknown. Clinical and roentgenographic results 
agree in 80 cases (broken line). Clinical and roentgenographic results disagree by 1 grade in 22 cases (single 
closed line). Clinical and roentgenographic results disagree by 2 grades in 2 cases (double closed line). 

When Excellent and Good and Fair and Poor are combined, there are only 2 disagreements and 12 in 
which results are unknown. 


to results in Types III, IV, and V might be significant. In order to obtain adequate num- 











bers in each type and grade, the cases with excellent and good results were combined 
into one group and those with fair and poor results into a second group. There being no 
significant difference between Types III, IV, and V, these types were combined to form { 
a third group (Table VI). | 

Type I, thirty cases, presented twenty excellent or good and ten fair or poor results. 
Of twenty-two Type II cases, only seven were excellent or good and fifteen were rated 
fair or poor. Of fifty-nine cases in Types ITI, IV, and V, fifty-three were rated fair or poor; 
only six cases were rated as excellent or good. These differences are considerable, quite 
aside from the fact that in Types II, III, IV, and V there were no excellent results 
(Table V) 

The number of cases in the several categories listed in Table V were considered sufh- 
cient for statistical analysis. The differences were found to be significant * between Types 
I and II, and between Types II and III, IV, and V combined. Sg I as compared with 
Type II, p = 0.01; Type II as compared with Types ITI, IV, V, p = 0.05.) 

Armstrong reported early results, obtained largely through a 1ires and many 
roentgenograms, in a series of 100 cases with complete recovery in 76 per cent. of simple 


* Unless otherwise qualified, the term “significant” indicates a probability of .05 or less. 


TABLE V 


REsuLTs IN 116 DisLtocations EvALUATED BY TYPE 


Type Excellent Good Fair Poor Total 
Anterior 5 0 0 0 5 
Posterior 
Type I 10 10 5 5 30 
Type II 0 7 6 9 22 
Type III 0 4 8 16 28 
Type IV 0 1 4 15 20 
Type V 0 1 5 5 il 
Total 15 23 28 50 116 
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TABLE VI 


RESULTS IN PosTERIOR DISLOCATIONS 








Excellent or Good Fair or Poor 
al No. of Cases No. of Cases Total 
Type I 20 10 30 
. Type II 7 15 22 
_ | Types III, IV, and V 6 53 59 
we : mn ; 
| Total 33 78 111 


| dislocations and in 63 per cent. of cases with acetabular-rim fractures, in 40 per cent. of 
_ | dislocations with fracture of the femoral head, and in none of the cases with fractures of 
the acetabular floor. 





s 
ie Results in 116 Dislocations (Cases followed for less than five years compared with cases 
in followed for more than five years.) 
The seventy-eight cases of dislocation with a follow-up period of less than five years 
are compared with the thirty-eight cases of dislocation followed for more than five years 
n- in terms of excellent and good and fair and poor results combined (Table VII). 
d The number of cases is not enough to make significant comparisons by type. However, 
10 when the results in the cases followed for over five years, the cases followed for less than 
m § 
| 


. GRAPHIC COMPARISON 
























ad OF OUTCOME OF IIG 
: WIP DISLOCATIONS — 
7 +<— T 
; % 
EXCELLENT-GOOD FAIR-POOR 
fi- Z a 
es 
th 
~ 5-19 YEARS UNDER 5 YEARS ALL CASES 
ud o 30 FOLLOW-UP FOLLOW-UP COMBINED : 
ie 4 | 38 CASES 78 CASES TOTAL 116 
ile 
+E 
a 
Ww | 
o | 
z | 
0} ——— - 
tal Z ae 
0 ->[838 : = 1 
0 } ANT POSTI IL MWY ANT POST! TL MWY 
- Cuart I 
0 The chart presents the excellent or good and fair or poor results of the 116 dislocations divided 
into three groups. To the left are shown the thirty-eight cases followed for five to nineteen years. The 
il middle group consists of the seventy-eight cases followed for less than five years. The results in the 
— two groups combined are seen at the right. Numbers in the first group are too small to permit sig- 
16 nificant comparison by type. The chart shows the similarity of distribution of results by type in the 
three groups described. 
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TABLE VII 
ReEsu.ts IN 116 DisLocaTIons 


Thirty-eight Dislocations 
Followed for More than Five Years 


Seventy-eight Dislocations 
Followed for Less than Five Years 








Excellent Fair Excellent Fair 
Type or or or or 
Good Poor Total Good Poor Total 
Anterior 3 0 3 2 0 2 
Posterior 
Type I 11 7 18 9 3 12 
Type II 4 12 16 3 3 6 
Types III, IV, 
and V 3 38 41 3 15 18 
Total 21 57 78 17 21 38 





five years, and the whole group of 116 cases are graphed by type, a similarity of distribu- 
tion is observed (Chart I). There is no evidence in this series that a case graded within 
the first five years according to roentgenographic and physical findings and symptoms 
will be assigned to a higher or lower grade at a later date. Only one case in this series was 
changed from a clinical grading of fair to good; this change was made three years after 
the dislocation, when the patient's pain disappeared (the roentgenographic rating had 
always been good). However, it must be emphasized that the majority of the patients 
treated earlier went for years without interval observation. Nonetheless, their history 
almost uniformly consisted of a continuity of symptoms when the result was fair or poor. 

Explanations were sought for the apparent lack of follow-up in the fair or poor 
results in the group followed for more than five years. The acceptance of fair or poor re- 
sults whenever so rated placed a preponderance of these cases in the group followed for 
less than five years and the combined groups. Some patients must have moved out of the 
county or died; a number are known to have refused further surgical treatment; some may 
have become discouraged when no other effective treatment could be offered. It is doubtful 
that end results improved by one or two grades in more than a few of these cases. 

TABLE VIII 
CLosep Repuctions—NINETY-ONE CASES 

Number of Reductions Compared with Outcome 


One Two or More Not 
Reduction Reductions Reduced * Totals 

Excellent Fair Excellent Fair Excellent Fair Excellent Fair 

Closed or or or or or or or or 

Reductions Good Poor Good Poor Good Poor Good Poor 

Anterior 5 0 0 0 0 0 5 0 

Posterior 

Type I 20 7 0 2 0 1 20 10 

Type II 7 5 0 0 0 4 ij 9 
Types III, 

IV, and V 3 21 0 8 0 8 3 37 

Totals 35 33 0 10 0 13 35 56 





* Not reduced because: unrecognized, 4; no attempt made at closed reduction, 4; irreducible, 2; un- 
stable, 3. 
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TABLE IX 
CLOSED RepucTIONS—NINETYy-ONE CASES 


Number of Hours before Reduction Compared with Outcome 





No. of Hours 0 to 24 25 to 48 49 or More Not Reduced * Total 


Excellent Fair Excellent Fair Excellent Fair Excellent Fair Excellent Fair 
or or or or or or or or or or 
Type Good Poor Good Poor Good Poor Good Poor Good Poor 
Anterior 5 0 0 0 0 0 0 0 5 0 
Posterior 
Type I 19 6 1 1 0 2 0 1 20 10 
Type II 7 3 0 1 0 l 0 4 7 9 
Types IIT, 
IV, and V 3 26 0 2 0 1 0 8 3 37 
Total 34 35 1 4 0 4 0 13 35 56 








*For the following reasons: unsuccessful attempts, 2 cases; unrecognized, 4 cases; not attempted, 
4 cases; unstable, redislocated, 3 cases. 


The ideal of a long-term follow-up study is not approached even in the group followed 
for more than five years. The total number of thirty-eight cases dwindles rapidly when 
subdivided into the different types of injuries and results so that these have only tentative 
significance. Unknown factors which will influence the selection, interposed over a period 
of time, can only be eliminated by repeated observation of a sufficient number of patients. 


Closed Reductions: Number of Attempts at Reduction Compared with Outcome 


The results of ninety-one closed reductions are tabulated as excellent or good and fair 
or poor under the number of attempts at reduction (Table VIII). All of the five anterior 
and sixty-three of the eighty-six posterior dislocations were reduced at the first attempt. 
All of the excellent and good results were in this group. All of the dislocations with two 
or more attempts at reduction had fair or poor results. To the ten cases reduced after 
two or more attempts should be added four more cases either irreducible or unstable. Most 
of these fourteen cases were of the unfavorable Types III, IV, and V. It should be noted 
that twenty-one of the twenty-four cases of Types III, IV, and V reduced at the first 
attempt had only fair or poor results. 


TABLE X 
REsuLTs IN 111 Postrertor DisLocations 
Twenty-five Open Reductions and Kighty-six Closed Reductions 


Method of 


Reduction Excellent Good Fair Poor Total 
Type I Closed 10 10 5 ) 30 
Type II Open 0 0 1 2 6 
Type II Closed 0 7 3 7 16 
Type III Open 0 F 2 7 12 
Type III Closed 0 1 6 9 16 
Type IV Open 0 0 0 5 5 
Type IV Closed 0 1 4 10 15 
Type V Open 0 0 0 2 2 
Type V Closed 0 l 5 3 9 
Total 10 23 28 50 111 
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Fig. 8-A Fic. 8-B 

T. Me. 1148-368. Thirty-four years old. The roentgenograms show a posterior dislocation, Type IT. 
An open reduction was performed, with a fair result. 

Fig. 8-A: Roentgenogram made May 29, 1949. The injury was due to an auto collision. The patient 
also suffered thoracic injuries. A closed reduction was performed on the same day. An open reduction, 
using the posterior approach with replacement of the fractured acetabular fragment, was performed on 
the twelfth day. 

Fig. 8-B: Follow- -up roentgenogram té iken six months later. There was relative increased density of the 
central weight-bearing portion of the head, with a subchondral depression at its juncture to the atrophic 
lateral portion of the head. The cartilaginous joint space was still maintained. The patient had pain, 
muscle spasm, and moderate limitation of hip motion. 


The number of cases with two or more reductions is too small to permit comparison. 

Clinically, there seems no need for comparison to indicate that one reduction is better 
than adding trauma upon trauma. The increasing difficulty in securing reduction at the 
first attempt in Types III, IV, and V, compared to the high incidence of success in the 
group with anterior dislocation and in Types I and II, suggests that these types may re- 
quire a different approach. 

Mention may be made of the methods of closed reduction used in this series. They 
were: Allis’ method, forty-two cases; unknown, twenty-four cases; Stimson’s, seven cases; 
Bigelow’s, three cases; reduction while traction was being applied, one case; spontaneous 
reduction while turning a patient after spinal anaesthesia, one case; unreduced, thirteen 
cases; total, ninety-one cases. The excellent Stimson method is not useful in some cases 
with associated injuries. The general principles of reduction are traction in the line of 
deformity, restoration of alignment, and apposition in the absence of muscle spasm. 


Closed Reductions: Length of Time before Reduction in Relation to the Outcome 

The result in ninety-one cases is evaluated in terms of the time elapsed before closed 
reduction (Table IX). All of the five anterior and sixty-four of the posterior dislocations 
were reduced within the first twenty-four hours. The thirteen cases of dislocation not 
reduced include two unsuccessful cases, two with unstable hips, four in which the disloca- 
tion was not recognized, and four in which reduction was not attempted because of the 
patients’ general condition. 
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Fic. 10-A Fic. 10-B 


T. A. 870-383. Twenty-one years old. This was a posterior dislocation, Type III, on which an open 
reduction was performed. The result was good. 

Fig. 10-A: The patient was injured February 19, 1944, in an auto accident. No attempt at closed 
reduction was made. An open reduction, with removal of three fragments of bone from the hip joint, was 
made on the fifth day. 

Fig. 10-B: Roentgenogram made five years and ten months after injury. The patient had no pain but 
there was slight limitation of hip motion. Very slight irregularity of the subchondral cortex of the head 
was noted. 


Again, the number of cases in which reductions were attempted after the twenty- 
four-hour period is too small and scattered to permit comparison. Only one excellent or 
good result was seen in reductions performed on the second day; results in the others were 
all fair or poor. This experience is similar to that of Funsten and his associates, who re- 
ported good results in early reductions of uncomplicated dislocations. 

Delay in reduction was caused by lack of recognition, poor condition of the patient, 
and lack of success in the initial attempt at reduction. Increasing watchfulness, especially 
of the patient with other more obvious injuries, is necessary to avoid missing dislocations. 
Lateral or oblique views should be made routinely, as well as roentgenograms of the pelvis. 
The few cases in which the dislocation could not be reduced because of the condition of 
the patient emphasize the value of prompt treatment of shock and the use of adequate 
traction when anaesthesia is contra-indicated. 

The lack of success in early attempts at reduction again suggests that open reduction 
may be necessary in such cases. 


Results in Posterior Dislocations: Open and Closed Reductions Compared 


The 111 posterior dislocations were reduced by closed methods in eighty-six cases and 
by open operation in twenty-five. The distribution by type is shown in Table X. 

Type I. In all of these cases, reductions were by closed methods except in one which 
Was irreducible. A case of King and Richards’ shows that an apparently minor avulsion 
fracture with a fragment attached to the capsule or ligamentum teres may interfere with 
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Fic. 11-A Fic. 11-B 


reduction. Appreciation of this possibility may salvage an occasional Type I dislocation 
not readily reduced by the closed method. 

Type II. Of twenty-two cases the only good results were in seven patients who had 
closed reductions. The other nine cases with closed reductions had fair or poor results. The 
results in all six open reductions were fair or poor. The numbers are too small to be 
statistically compared. 

Before an attempt is made to evaluate these results, the findings in the individual 
cases summarized below should be considered. 


TABLE XI 


PosTERIOR DISLOCATIONS 





No. of Days Type II Type III Type IV Type V 
between 
Dislocation Excellent Fair Excellent Fair Excellent Fair Excellent Fair 
and or or or or or or or or 
Reduction Good Poor Good Poor Good Poor Good Poor Total 
Oto 6 0 1 3 3 0 l 0 1 9 
7 to 13 0 3 0 2 0 2 0 0 7 
14 to 20 0 1 0 1 0 0 0 0 2 
21 to 27 0 0 0 0 0 1 0 1 2 
28 to 34 0 0 0 1 0 0 0 0 1 
35 to 41 0 0 0 1 0 0 0 0 l 
42 to 49 0 0 0 0 0 0 0 0 0 
50 and Over 0 1 0 1 0 1 0 0 3 
Total 0 6 3 9 0 5 0 2 25 


* Of 25 open reductions, 5 had no previous attempts at closed reduction, 15 had one attempt, 3 had 2 
attempts, and 2 had 3 attempts. 
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Fic. 11-C Fic. 11-D 


H. 535-618. Seventeen years old. The roentgenograms show a posterior dislocation, Type IV. A 

closed reduction was performed and the result was good. 

Fig. 11-A: The patient was injured January 17, 1937, in a collision of two trucks. The reduction was 
made on the same day. 

Fig. 11-B: Roentgenogram made after reduction. Note the fracture through the triradiate cartilage 
and the large fracture of the posterior acetabular rim. 

Fig. 11-C: Roentgenogram made nearly four years later. The patient had some stiffness but no pain, 
——— pain had persisted for three years. F ull weight-bearing had been resumed three months after 

the injury. 

Fig. 11-D: Roentgenogram made twelve years and nine months later. There was no pain, but the 
patient had some discomfort after dancing or hard work. Note the change in the trabecular pattern of 
the head and the slight irregularity of the subchondral cortex. 


Closed Reductions 
Cases with good results: In all seven cases the dislocations were reduced 
within the first twenty-four hours; the average time before weight-bearing was four 
months. 


TABLE XII 
Hip SurGERY OTHER THAN OPEN REDUCTION IN E1Gut Cases: INTERVAL AFTER INJURY AND RESULT 
Time Elapsed 
between 
Dislocation and 


Type of Operation 
Procedure Dislocation (Months) End Results 
Arthroplasty (cup) III 12 Poor 
Arthroplasty (fascial) Ill 12 Poor 
Arthroplasty (cup) III 36 Poor 
Arthrodesis IV 4 Good 
Arthrodesis IV 3 Good 
Arthrodesis IV 714 [’ Good 
Arthrodesis V 1 Good 
Reconstruction V 3.5 Poor 
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Fig. 13-B 





Fig. 13-C Fig. 13-D 
. 1097-924. Twenty-two years old. This was a posterior dislocation, Type V, on which an open 
reduet ion was performed. Avascular necrosis developed and the result, was poor. 

Fig. 13-A: The patient was injured August 7, 1948, in an auto collision. There was also a fracture in 
the proximal third of the ipsilateral tibia, with circulatory impairment. Note the free fragment of the 
head of the femur. The dislocation was irreducible by closed manipulation; an open reduction was per- 
formed three weeks after injury 

Fig. 13-B: Roentgenogram m: ade about three months after open reduction. The acetabular labrum 
was folded over the acetabulum and prevented closed reduction. The fragment from the fractured head 

(Continued on page 766) 
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(Continued from page 765) 
was not removed. There was sufficient atrophy of the proximal portion of the femur to show the un- 
changed density of the head. 

Fig. 13-C: Roentgenogram made five months after reduction. Note the general atrophy, especially 
of the upper end of the femur, except for the lunate area of increased density at the weight-bearing 
portion of the head. Capsular calcification is evident. 

Fig. 13-D: Roentgenogram made one year later. Note the increased capsular calcification and the 
spreading of irregular areas of increased density at the weight-bearing portion of the head. The carti- 
laginous joint space is narrowed. The patient had pain and limitation of hip motion. 


2 





pe 











Fig. 14 

R. 8S. 716-045. Twenty-three years old. The patient sustained an anterior dislocation on the right 
side, and a posterior dislocation, Type IV, on the left, together with a fracture of the shaft of the 
femur and peroneal palsy. The approximate location of the fracture in the diaphysis is indicated 
by the lines drawn on the roentgenogram. 

The patient was injured May 12, 1940, in an auto collision. The posterior dislocation on the 
side of the femoral-shaft fracture was not recognized. 
__ Note the fracture of the inner table of the acetabulum at the juncture of the left ischium and 
illum. The head of the femur is not in anatomical relationship with the acetabulum. There are 
comr:inuted rim fractures. 

The result after five years and ten months was found to be excellent for the anterior dislocation. 
It was poor for the posterior dislocation, and there was traumatic arthritis. 

Cases with fair results: In one case the dislocation was reduced in seventy-two 
hours and in one two hours after injury, with weight-bearing in two and a half months 
in both cases. 

Cases with poor results: In two cases the dislocations were reduced within eight 
hours, with weight-bearing allowed at the fifth and eighth week respectively. In one case 
the dislocation was reduced after forty-eight hours; the patient walked in six months. In 
four patients the dislocations were not reduced for the following reasons: In one the disloca- 
tion was not recognized, one had a nine-day-old dislocation with a fracture of the ipsilateral 
femoral shaft, one had a month-old dislocation for which traction proved unsuccessful, 
and in the last the general condition was poor and no attempt at reduction was made. 

Open Reductions 

Cases with fair results: One reduction was unstable. There were three cases in 
which previous attempts at closed reductions had been made. Three patients were op- 
erated upon twelve, fifteen and sixty days after dislocation respectively. 
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TABLE XIII 


AGE DisTRIBUTION ACCORDING TO TYPE AND REsuULT * 


Excellent or Good Fair or Poor 
Posterior Posterior Total 
Types Types 
III III Excellent Fair 
Age Group Type Type to Type Type to or or 
(Years) Anterior I II V Anterior I II V Good Poor 
0 to 15 1 6 0 0 0 0 0 1 7 1 
16 to 30 2 9 2 4 0 2 6 19 17 27 
31 to 45 2 2 2 2 0 5 4 21 8 30 
46 to 60 0 1 3 0 0 2 3 8 4 13 
61 to 80 0 2 0 0 0 l 2 4 2 7 
Totals 5 20 7 6 0 10 15 53 38 78 
(116) 





* Five cases had a follow-up period ranging from eight and a half years to nineteen years and four 
months. 


Cases with poor results: One patient was operated upon seven days after injury. 
In another a simple suture fixation of the fragment of the acetabular rim was made, but 
the position of the fragment could not be maintained. 

It will be seen that six of the nine closed reductions with fair or poor results fall into 
the unfavorable categories of delayed reduction (two cases) and not reduced (4 cases). 
All six of the patients treated with open reductions had had several attempts at closed 
reduction, greatly delayed open reduction, or technical error in reduction. Consequently, 
while this series does not prove that open reduction is contra-indicated, it does demon- 
strate the relative effectiveness of early closed reduction. 

The stability of the reduction in the cases with good results was complete, even in 
the absence of anatomical reposition of the posterior fragment. The seven good results 
did not bear out the experience of Urist ® that ‘‘Reduced dislocations, with unreduced 


TABLE XIV 
ANTERIOR AND PosTERIOR DISLOCATIONS OF THE Hip 


Period before Full Weight-Bearing Compared with Outcome 


Posterior Posterior Posterior 
Anterior Type I Type II Types III, IV, Totals 
and V 

Time Excellent Fair Excellent Fair Excellent Fair Excellent Fair Excellent Fair 

in or or or or or or or or or or 
Months Good Poor Good Poor Good Poor Good Poor Good Poor 

1 ] 0 10 4 1 0 2 13 6 

2 0 0 6 3 l l 0 4 7 8 

3 0 0 3 2 l 3 2 15 6 20 

6 1 0 0 0 4 4 2 6 7 10 

9 0 0 l 0 0 4 l 8 2 12 

12 2 0 0 0 0 l 0 8 2 9 

Miscellaneous * l 0 0 l 0 2 0 10 1 13 

Total 5 0 20 10 7 15 6 53 116 


* Miscellaneous, 14 cases: 4 unknown; 2 unrecognized; 2 irreducible; 3 arthrodesed; 1 reconstructed ; 2 poor 
results (these patients are still on crutches). 
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TABLE XV 


INCIDENCE OF ROENTGENOGRAPHIC JOINT CHANGES IN SEVENTY-EIGHT Farr OR Poor RESULTS 








Total Total 
Fair in 
Type of Avascular Traumatic Myositis or 116 
Dislocation Necrosis Arthritis Ossificans Miscellaneous * Poor Cases 
Anterior 0 0 0 0 0 5 
Posterior 
Type I 3 2 1 4 10 30 
Type II 6 6 1 2 15 22 
Type III ‘f 14 0 3 24 28 
Type IV 8 11 0 0 19 20 
Type V 3 4 0 3 10 11 
Total 27 37 2 12 78 116 


* Miscellaneous, 12 cases: 7 unknown; 2 excellent; 1 good roentgenographic rating; 1 fused; 1 irreducible. 


but significant fracture of the rim of the acetabulum remaining, were followed by degen- 
erative changes in the joint”. He advised that anatomical reposition be accomplished by 
open operation. Anatomical apposition of a fragment in a joint fracture is a generally 
desirable objective, often achieved only with difficulty. No apposition would obviously 
be better than replacement with incongruous apposition to the head. The harmful po- 
tentials of the surgical approach, especially the risk of increasing vascular damage, should 
be considered before open operation is undertaken. On the other hand, the removal of 
comminuted fragments, which may not show on the roentgenograms, or the restoration 
f a posterior lip in an otherwise unstable reduction, can only be assured by open operation. 

The unsatisfactory results in this series of open reductions indicate that, if performed 
at all, the operation should be carried out promptly. 

Type IIT: Of a total of twelve open operations, good results were found in three cases 
in which the loose fragments had been removed from the joint; in a total of sixteen closed 
reductions there was only one good result. This serious fracture-dislocation presents a high 
proportion of fair or poor results, regardless of the method of treatment used. 

The very nature of this injury makes it probable that there are loose fragments in 
the joint. While numbers are small, the three good results in twelve open reductions com- 
pared with one good result in sixteen closed reductions demonstrate the value of earlier 
operation and scrupulous removal of loose pieces of bone. 

Type IV: In twenty cases of this type there were fair or poor results in nineteen. This 
type, therefore, presents a poor prognosis for hip-joint function, whether treated by open 


( 


= 


or closed methods. 

The only good result was in the group treated by closed reduction. In this case, a 
seventeen-year-old male (Figs. 11-A to 11-D), the acetabular fracture was through the 
triradiate area. The superior weight-bearing portion of the acetabulum was preserved, 
although a large posterior lip fragment was displaced posterosuperiorly. This patient had 
pain for three years and then became symptom-free except for some aches or discomfort 
after dancing. He was in the tank corps in World War II. The follow-up period was twelve 
years and nine months. This is the one case in which the rating was raised one grade 
during the follow-up period. 

The nature of the injury in Type IV fracture-dislocations makes a poor result almost 
certain because of the disruption of the acetabulum. 

Type V: In nine cases of this type there was one good result. Both cases with open 
reductions had poor results. In neither instance was the head fragment excised. The case 
reported by Gordon and Freiberg, in which the loose fragment was excised, probably 
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TABLE XVI 


RESULTS IN SEVENTY-FOUR CASES WITH DISLOCATION ONLY COMPARED WITH RESULTS IN FortTy-TWo CasEs 
WITH DISLOCATION AND ASSOCIATED BONE AND NERVE INJURIES 





Excellent or Good Fair or Poor 
Type Dislocation Other Dislocation Other 
Only Injury Only Injury Total 
Anterior 1 4 0 0 5 
Posterior 
Type I 16 4 9 1 30 
Type II 2 5 10 5 22 
Type III 3 1 20 4 28 
Type IV 0 1 7 12 20 
Type V 0 1 6 4 11 
Total 22 16 52 26 116 





points to the best management. It is hoped that experience with more cases treated in 
this manner will establish a better outlook. 


Length of Time before Operation according to Type and Result (Table X1). 


The number of cases is too small and the types are too scattered to make the differ- 
ences significant. Many of the operations were performed after the first week. With the 
exception of good results in three patients with Type III dislocations operated upon in 
the first week with excision of the loose fragments, the results appear to be determined by 
the type of injury rather than by the length of time between injury and surgical procedure. 
However, good clinical judgment would hardly condone unnecessary delay when open 
reduction is indicated. In one case in which reduction and arthrodesis were done three 
months after dislocation there had occurred irremedial proliferative, degenerative, and 
attritional changes involving the head and acetabulum. 


Operations Other than Open Reduction (Table XII). 


Hip surgery other than open reduction was performed in eight patients (Table XII). 
Four arthrodeses gave good results, but the results of three arthroplasties and one recon- 
struction operation were poor. A number of the poor results were in patients who had 
refused operation. Arthrodesis was usually advised because it offered greater assurance 
of a painless, stable hip. 

These results confirm the experience of Phemister ° that arthrodesis is the procedure 
of choice. He ascribes the poor results of arthroplasty to aseptic necrosis from the extensive 
stripping of the capsule entailed by the procedure. 

The experience in this series does not permit significant comparison of the merits of 
arthroplasty and arthrodesis. Of four arthroplasties, two failed because of infection and 
two because of excessive new-bone formation. These poor results could be ascribed to 
technical failure. The four arthrodeses permitted unprotected weight-bearing after five 
months in one case, after six months in two, and after ten months in one case. Clearly the 
method of arthrodesis was more successful in this group. 

Evaluation of the results of arthroplasty and arthrodesis in this type of patient 
depends upon many variable factors. What one surgeon or one patient may consider 4 
good result may not satisfy another surgeon or patient. A patient’s satisfaction is not 
always proportionate to function. Some arthrodeses are failures after several attempts. 
Some surgeons proscribe arthrodesis because backache, sometimes with radicular pain, 
later occurs. However, some patients who have had arthroplasty of the hip also have back 
pain, because of stiffness or instability, and others may require reoperation. Until sig- 
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nificantly large, comparable, and critically evaluated series are available, we believe the 
choice of treatment should be based largely upon the surgeon’s estimate of the amount 
of correction he can obtain, taking into account the patient’s age, occupation, satisfaction 
with the probable benefits, and adaptation to the probable handicaps of the chosen method. 


Age Related to the Type and Outcome 


When the 116 cases classified according to type and results are divided into age 
groups, it is seen that differences in results of the various types of dislocations for the 
series as a whole are borne out for individual age groups (Table XIII). Differences ascribed 
to type cannot, therefore, be due to accidental differences in age incidence in the various 
types. This is further confirmation of the significance of the results in the different types of 
injury. 


Dislocations of the Hip in Children 


Eight patients of an initial series of seventeen cases of dislocation in children from six 
to fourteen years of age were physically and roentgenographically examined. The time of 
follow-up was from a year and one month to nineteen years and four months; the average 
follow-up period was nine years and ten months. Two cases are not included in this group; 
these were the patients previously mentioned, who reported by telephone that they were 
asymptomatic, ten and thirteen years after the dislocation respectively. 

One of the eight dislocations was anterior and showed an excellent result. 

Six dislocations were posterior, Type I; they also presented excellent results. 

There was one Type V dislocation in a child ten years of age. The last roentgenogram, 
made thirteen years after the dislocation, revealed a large exostotic mass of mature bone, 
based on the antero-inferior aspect of the head and margin of the head and neck. The 
cartilaginous joint space was normal. There was no evidence of avascular necrosis or 
traumatic arthritis. There was some limitation of hip flexion and adduction. This was be- 
lieved to be due to the exostosis, presumably formed by re-attachment of the fragment of 
the femoral head. No treatment was advised. The result was rated as fair on the basis of 
the deformity of the non-weight-bearing portion of the head, slight irregularity of outline 
of the head, and the blocking of full flexion and adduction motion (Figs. 15-A to 15-C). 

Eight of an initial series of seventeen children in the total series of 204 traumatic 
dislocations of the hip are known to be without evidence of avascular necrosis. One of the 
eight showed changes ascribed to traumatic arthritis. 


Interval before Full Weight-Bearing Compared with Outcome 


The outcome of the different types is charted against the period before full weight- 
bearing was resumed (Table XIV). The results in the five anterior dislocations, all excellent, 
and in the miscellaneous group, are excluded from the comparison. 

Analysis shows that both the outcome and the length of time before weight-bearing 
seem to depend upon the type of injury. There is no evidence that the time when weight- 
bearing was begun in any given type of dislocation determined the outcome. 

Those cases with longer periods of protection from weight-bearing did not show an 
increased proportion of better results. All but two of the patients with excellent or good 
results were walking by the end of six months, and all but four resumed full weight-bearing 
at the end of three months. 

It is important to realize that in this series there was no arbitrary rule for the time 
of resumption of weight-bearing. The time varied with the individual surgeon, the patient, 
the apparent severity of the injury, and the presence of pain. Stuck and Vaughan list the 
times of protection from weight-bearing advised by many authors, and state that only 
in the last decade has it become recognized that early weight-bearing is unsafe. Potts and 
Obletz point out that the process of re-organization is slow, and that the period of two to 
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INCIDENCE OF ASSOCIATED INJURIES IN PosTERIOR DISLOCATIONS COMPARED WITH RESULTS 
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XVII-A XVII-B 
Posterior Dislocations, All Types Incidence of Associated Injury by Type 
Associated Associated 
Injury Injury 
Results No Yes Total] Type No Yes Total 
Excellent or Good 21 12 33 I 25 5 30 
Fair or Poor 52 26 78 II 12 10 22 
| III to V 36 23 59 
Total 73 38 111 | Total 73 38 111 
- a - aac iceman a — - ——- 
XVII-C XVII-D 


Influence of Associated Injury on Results 
Types II to V Combined 


No Associated Injury 
Results by Type 




















| 
Result 
Excellent Fair Excellent Fair 
or or | Associated or or 
Type Good Poor Total) Injury Good Poor Total 
I 16 9 25| No 5 43 48 
II to V 5 43 48 Yes 8 25 33 
Total 21 52 73 |Total 13 68 81 


three years of recumbency required would be difficult to enforce. This question will be | 
discussed after an analysis of the roentgenographic changes observed. 


Roentgenographic Joint Changes in the Various Types of Dislocation 

The incidence of roentgenographic changes ascribed to avascular necrosis, traumatic 
arthritis, and myositis ossificans in the seventy-eight patients with fair or poor results is 
tabulated by type in Table XV. If a miscellaneous group of twelve cases is excluded, there 
are sixty-six cases tabulated under one or another of the above categories. There are 
twenty-seven patients with avascular necrosis and thirty-seven with traumatic arthritis. 
Two instances of severe myositis ossificans were encountered. 

Avascular Necrosis 

The distribution of the sixty-four cases with fair or poor results due to moderate to 
severe changes of avascular necrosis and traumatic arthritis depends upon the type of dis- 


TABLE XVIII 
DISTRIBUTION By Tyre oF AssocIATED NERVE INJURIES IN 204 DISLOCATIONS OF THE H1P 











Total 
Type of No. of Nerve Injuries Nerve 
Dislocation Cases Sciatic Peroneal Injuries } 
Anterior 18 0 0 0 
Posterior 
Type I 71 1 6 7 
Type II 38 0 3 3 
Type III 36 1 9 10 
Type IV 26 1 4 5 , 
Type V 15 0 l 1 
Total 204 3 23 26 
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location. These sixty-four cases comprise 55 per cent. of the whole series of 116 cases. 
This kind of comparison, however, is misleading when applied to a given type of dislocation 
in which the incidence of these disabling changes may be higher or lower than the general 
average. 

Armstrong’s series of 100 cases showed an incidence of traumatic arthritis of 26 per 
cent. but this complication developed in only 15 per cent. of dislocations without fracture. 
The incidence in the group of dislocations with acetabular-rim fractures was 25 per cent.; 
in the group with fracture of the femoral head, 60 per cent.; and in the group with fracture 
of the acetabular floor, 100 per cent. The distribution of results in our series was similar. 

Bancroft and Murray state that approximately 50 per cent. of traumatic dislocations 
of the hip show later degenerative changes in the hip joint. They are uncertain whether 
or not delayed weight-bearing diminishes the chances of degenerative changes. 

Watson-Jones estimates that: “‘The complication arises in at least 20 or 30 per cent. of 
dislocations which are promptly reduced, and the incidence is much higher if the reduction 
is delayed”’. 

Speed and Smith state that it has not been proved to their satisfaction “that a lack 
of weight-bearing will be effective in preventing an aseptic necrosis of the head’’. They 
state that, even if aseptic necrosis were anticipated, three to five years of non-weight- 
bearing might be required for complete revascularization, while it would still be extremely 
doubtful that a satisfactory joint would be preserved. 

Banks’ excellent review in 1941 of aseptic necrosis of the head of the femur following 
dislocation added nine cases to forty-two then recorded by other authors. 

Full weight-bearing activity causes physiological pressures in the hip joint. Except 
with distracting pull, there is a positive pressure relationship between the head and 
acetabulum, varying with muscle tone and activity. There is no question that the softer 
the revascularized bone underlying the dense necrotic bone of the weight-bearing portion 
of the head, the less pressure it will take to cause collapse. Most writers are agreed that 
the cause of avascular necrosis is the tearing of some of the blood vessels and thrombosis 
of others at the time of injury and treatment. There is no substantial evidence that non- 
weight-bearing prevents the occurrence of avascular necrosis. 

The purpose of non-weight-bearing is to avoid pressure that the head cannot with- 
stand at a particular stage of revascularization. The real question appears to be, will non- 
weight-bearing, as effected by the use of crutches, preserve a hip, the seat of avascular 
necrosis, for future painless weight-bearing, or will the temporary use of crutches sig- 
nificantly postpone the onset of disabling symptoms. 

Banks advises non-weight-bearing for a period of four to six months in order to pro- 
duce disuse atrophy; if avascular necrosis has occurred, this will then be evident from 
the relatively dense necrotic head. He believes that, if necrosis has taken place, further 
protection is indicated. He also stresses the importance in cases where weight-bearing is 
resumed early, of a close follow-up to permit earlier treatment—putting the patient back 
on crutches—before excessive damage from pressure has occurred. 

The authors believe that these two programs may be sound practice, but that the 
effect of the non-weight-bearing program upon the final outcome is uncertain. Since the 
large majority of the patients with fair or poor results had early warning symptoms within 
less than a year and many within less than six months, it appears more important to 
follow each case closely than to produce in every case extensive de-ossification by disuse. 

Traumatic Arthritis 

There were thirty-seven cases with disabling changes ascribed to traumatic arthritis, 
ten more than the number with avascular necrosis. Some of the unsatisfactory results 
among the cases with traumatic arthritis might have been ascribed to avascular necrosis 
if a more accurate roentgenographic diagnosis had been made. However, there are many 
‘ases in which the symptoms and the clinical and roentgenographic findings are more 
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readily explained by joint reactions to trauma. Thus, with traumatic synovitis there would 
be synovial hyperaemia and hyperplasia. Destruction of cartilage would take place as a 
result of subchondral and synovial proliferation and pannus formation. Attrition through 
motion of the joint would be augmented by incongruity of the joint surfaces or by loose 
pieces of bone. The hypertrophic underlying bone would give a sclerotic appearance in the 
roentgenograms. Continuing irritation results in marginal chondro-osseous production with 
formation of bony spurs and lips. 

It seems hardly justifiable to attribute all the changes observed in the follow-up 
roentgenograms solely to avascular necrosis or traumatic arthritis. The authors believe 
that the various reactions of joints to trauma deserve further study. 

It may be significant that the clinical rating was better than the roentgenographic 
rating in only eight cases in this series, while in sixteen cases the roentgenographic rating 
was higher. It would appear from this that more weight should be given to apparently 
minor pathological roentgenographic findings, and that the significance of reflex muscle 
spasm, protecting hip-joint motion at the extremes, should be more fully appreciated. 
Complaints of minor aches and pains should not be ignored. A thorough examination is 
indicated. 


Results in Dislocations with and without Associated Bone and Nerve Injury 


The relationship of associated injuries to outcome is shown in Table XVI. 

Anterior Dislocations 

There were excellent results in all five cases, although in four cases there were asso- 
ciated injuries. The group is too small for statistical comparison. 

Posterior Dislocations 

When the results in seventy-three cases without and thirty-eight cases with associated 
injuries are compared, regardless of type, no significant differences (Table X VII-A) are 
found. 

Incidence of Associated Injuries in the Five Types of Dislocation 

Analysis shows that associated injury occurred significantly less often in Type I than 
in other types. There was no significant difference between Types II and Types III, IV, 
and V combined (Table XVII-B). 

No Associated Injury, Results by Type 

When the cases with associated injuries are excluded, the results in Type I 
are significantly better than those in Types II, III, IV, and V combined (Table 
XVII-C). 

Influence of Associated Injuries in Types II, III, IV, and V 

The occurrence of associated injuries did not significantly alter results in Types II, 
III, IV, and V (Table XVII-D). 

These findings are at variance with the conclusion of Stuck and Vaughan, who be- 
lieved that a prolonged period of non-weight-bearing for the patient’ with associated 
injuries gave better results. 

Associated Nerve Injuries 

There were twenty-six nerve injuries in the total group of 204 dislocations (Table 
XVIII). There were no nerve injuries in the group with anterior dislocations. The number 
is so small and distribution among the posterior types is so scattered that no significance 
can be attached to the incidence among posterior types. It is probable that in a few of 
the cases, peroneal palsy occurred during traction or plaster-cast fixation. 


Results in Cases with Nerve Injuries 

Of the three cases with complete sciatic-nerve injury, no recovery occurred in two 
after four months, and in the other after seventeen months. Fourteen patients with 
injury to the peroneal nerve recovered in from three months to two years. One patient 
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showed partial recovery after two years. Six patients were not improved after eight to 
thirty-two months. Results in two cases with peroneal palsy are unknown. 

Six of the twenty-five patients with open reductions had an associated peroneal- 
nerve injury. Four of these peroneal palsies occurred in Type III dislocations. Of these, 
one recovered in six months; another in one year. The third partially recovered in fifteen 
months, and the fourth showed no recovery after eight months. In Type IV cases there 
were two patients with peroneal palsy; one recovered in five months, the other showed no 
return of function after thirty-two months. In none of these six cases was the nerve injury 
caused by a bone fragment. In two other cases, which were treated by open reduction, 
postero-inferior acetabular fragments were encountered immediately underlying the 
sciatic nerve. In spite of this, there was no evidence of nerve damage. 

DISCUSSION 

Since the purpose of this report is to present the results of a rather extensive survey 
of traumatic dislocations of the hip, only a small number of authors have been cited in 
connection with certain pertinent findings in this study. No attempt has been made to 
present a review of the fairly voluminous literature, which would make « !engthy article 
in itself. 

It may be permissible to call attention to some characteristics of this type of study. 

A statistical analysis requires a minimal number of cases in each category with 
comparable data before a probability determination can be made. A survey of dislocations 
of the hip must begin with a large series, because a certain number of cases will not remain 
available for follow-up study, and because the subdivision of the series into the several 
types of injury must yield a sufficient number of cases in each category for comparison 
with the other categories. Not infrequently, numbers insufficient for comparison may 
indicate a trend; further experience with additional cases may show the “‘trend”’ to be 
either significant or misleading. 

Surgeons with an understanding of the reactions of the joint to trauma may arrive 
at a correct conclusion before a significant comparison can be made through such a study 
as the one presented here. It is hoped that the establishment of even a few probabilities 
‘an help to confirm sound opinion and guide the surgeon to more fruitful fields of en- 
deavor in care of the patient and in further study and analysis of this problem. 

The authors especially wish to call attention to the lack of significant differences in 
outcome in Types III, IV, and V in this series. Yet there are good reasons for believing 
that the results in Type III may be improved by removing the loose fragments in the 
joint, as these appear to be one cause of the unfavorable results. In the one good result in 
this series, the fragments were removed before any attempt at reduction was made. In 
the cases with fracture of the acetabular floor, which is generally accompanied by fracture 
of the acetabular rim (Type IV), much time may be saved if the outcome is correctly 
evaluated and early arthrodesis or arthroplasty is performed. Some dislocations with 
fracture of the femoral head not involving a significant superior weight-bearing portion 
may be spared traumatic arthritis by removal of the fragment. 

There is no suggestion that open procedures will save the joint from the changes 
inherent in avascular necrosis of the femoral head. However, in certain instances there 
is reason to believe that, if incongruity of the articular surfaces can be avoided by restoring 
the position of the fragments necessary for stability or by removal of loose fragments, it 
will be possible to reduce the incidence of traumatic arthritis. There are a certain number 
of cases in which this assumption has been borne out. 

There is no reliable method of distinguishing between all changes incident to avascular 
necrosis and those due to traumatic arthritis, especially when a single roentgenogram is 
reviewed some time after the injury. When there are typical differences in density, the 
diagnosis is simple. Even so, the cause of destruction of the articular cartilage is difficult 
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to determine. It may be due to the proliferative changes of traumatic arthritis or to 
rapid attrition of the articular surface, consequent to the reduced viability of the cartilage 
which appears to accompany necrosis of underlying bone. In cases where avascular 
necrosis is undoubtedly present, proliferation of bone at the acetabular margin and 
especially at the femoral capital-cervical junction is frequently noted. This cannot be the 
result simply of compression of the soft revascularized cancellous bone by the necrotic, 
wedge-like, superior portion of the head which transmits the body weight to the femur. 
Rather the incongruity of such a femoral head provides the mechanical irritation which 
stimulates the proliferative responses of the tissues involved; the process is the same as 
that resulting from the incongruity which follows a joint fracture or results from a loose 
fragment in the joint. However, some distinction between the probabilities must be made 
or at least attempted in order to understand the processes and their roentgenographic 
manifestations and clinical implications. 


CONCLUSIONS 

Differences in the several types of posterior dislocation and their outcome are significant. 

The length of time before full weight-bearing was resumed did not significantly affect 
the results in this series. On the contrary, both the results and the time when weight- 
bearing was permitted appeared to depend upon the type of injury. 

Avascular necrosis and traumatic arthritis were the chief complications encountered 
in those cases with unsatisfactory results. 

Associated injuries did not affect results in the series as a whole. 

Of the cases with injury to the peroneal serve, a scant majority recovered spon- 
taneously. 

Good management depends upon promp: recognition of the dislocation. Except in 
vases where the patient’s condition is critical, or where another local injury must take 
precedence, treatment of the dislocation should be prompt and based upon a careful 
evaluation of the type of dislocation and the treatment indicated. 

Nore: Acknowledgment is made to Frederick J. Moore, M.D., of the Department of Experimental 
Medicine, University of Southern California School of Medicine, for assistance in the statistical analysis 
of the data presented. 

REFERENCES 
1. ArmstrronG, J. R.: Traumatic Dislocation of the Hip Joint. J. Bone and Joint Surg., 30-B: 430-445, 

Aug. 1948. 

2. Bancrort, F. W., and Murray, C. R.: Surgical Treatment of the Motor-Skeletal System, Part II, 

p. 998. Philadelphia, J. B. Lippincott, 1945. 

3. Banks, S. W.: Aseptic Necrosis of the Femoral Head Following Traumatic Dislocation of the Hip. 

J. Bone and Joint Surg., 23: 753-781, Oct. 1941. 

4. CampBELL, W. C.: Posterior Dislocation of the Hip with Fracture of the Acetabulum. J. Bone and Joint 

Surg., 18: 842-850, Oct. 1936. 

5. Funsren, R. V.; Kinser, Prentice; and FrankEL, C. J.: Dashboard Dislocation of the Hip. A Report 

of Twenty Cases of Traumatic Dislocation. J. Bone and Joint Surg., 20: 124-132, Jan. 1938. 

6. Gorvon, E. J., and Fremera, J. A.: Posterior Dislocation of the Hip with Fracture of the Head of the 

Femur. J. Bone and Joint Surg., 31-A: 869-872, Oct. 1949. 

7. Kina, Don, and Ricuarps, Victor: Fracture-Dislocations of the Hip Joint. J. Bone and Joint Surg., 

23: 533-551, July 1941. 

8. Puemister, D. B.: Fractures of Neck of Femur, Dislocations of Hip, and Obscure Vascular Disturbances 

Producing Aseptic Necrosis of Head of Femur. Surg., Gynec., and Obstet., 59: 415-440, 1934. 

9. Puemister, D. B.: Changes in Bones and Joints Resulting from Interruption of Circulation. I. General 

Considerations and Changes Resulting from Injuries. Arch. Surg., 41: 436-472, 1940. 

10. Porrs, F. N., and Osierz, B. E.: Aseptic Necrosis of Head of Femur Following Traumatic Dislocation. 

J. Bone and Joint Surg., 21: 101-110, Jan. 1939. 

11. Speep, J. S., and Smrrx, Hucu: Campbell’s Operative Orthopedics, Ed. 2. I, p. 302. St. Louis, C. V. 

Mosby, 1949. 

12. Sruck, W. G., and Vauauan, W. H.: Prevention of Disability after Traumatic Dislocation of the Hip. 
Southern Surgeon, 15: 659-675, 1949. 


THE JOURNAL OF BONE AND JOINT SURGERY 

















im, 
pri 
wh 


rep 


ficu 
red 
one 
is n 
me. 
sint 


am| 


trat 
of t 
or | 
to t 
the 


und 
pati 
peal 


this 
othe 


it is 


lift « 
can 
time 


whet 
bear 
for t 
dens 
is ne 
izati 
Mot 
weig 
resul 
bear: 
unde 
to he 


repla 
to th 
a nec 


VOL. 





| 


n. 





ee we 











TRAUMATIC DISLOCATION OF THE HIP rey d 


13. Urtst, M. R.: Fracture-Dislocation of the Hip Joint. The Nature of the Traumatic Lesion, Treatment, 
Late Complications, and End Results. J. Bone and Joint Surg., 30-A: 699-727, July 1948. 

14. Urist, M. R.: Fractures of the Acetabulum: The Nature of the Traumatic Lesions, Treatment, and Two- 
Year End-Results. Ann. Surg., 127: 1150-1164, 1948. 

15. Uritst, M. R.: Injuries to the Hip Joint: Traumatic Dislocations Incurred Chiefly in Jeep Accidents in 
World War II. Am. J. Surg., 74: 586-597, 1947. 

16. WaTson-JONES, REGINALD: Fractures and Other Bone and Joint Injuries, Ed. 2. II, p. 619. Baltimore, 
Williams and Wilkins, 1943. 


DISCUSSION 

Dr. Sam W. Banks, Cuicaco, ILit1nots: Time does not permit me to discuss all of the interesting and 
important material brought to our attention by Col. Dehne and Dr. Thompson. I shall confine my remarks 
primarily to the relationship between vascular changes in the femoral head and ultimate function in a hip 
which has sustained a traumatic dislocation. 

We are impressed with the unfavorable prognosis as demonstrated by some of the cases in these two 
reports. Considerable thought should be given to the problem of improving the prognosis in such cases. 

I have had no personal experience with the combination of injuries reported by Col. Dehne. It is dif- 
ficult to understand how a major injury like a traumatic dislocation of the hip can go unrecognized. Primary 
reduction of a dislocation as soon as it has been recognized may be difficult, but it can be accomplished by 
one method or another. Results in such cases should be comparable to those in which a traumatic dislocation 
is not accompanied by fracture of the femoral shaft. A primary arthrodesis of the hip is probably the treat- 
ment of choice when the dislocation has remained untreated and late open reduction must be performed, 
since necrosis of the femoral head is likely to have begun. 

There is always difficulty in interpreting roentgenograms; I think that one of the first x-rays, for ex- 
ample, presented by Col. Dehne, shows a necrotic head which has undergone replacement to a varying degree. 

Dr. Thompson’s paper is timely and significant. It is the first statistical analysis of a large series of 
traumatic dislocations of the hip which offers some indication as to the incidence of aseptic necrosis. Necrosis 
of the femoral head developed in twenty-seven of 16 hips, and end results in these cases were rated as fair 
or poor. All twenty-seven hips were painful, and a!! had limitation of motion due to an arthritis secondary 
to the necrosis. Although many of the patients in ti:is series did not bear weight for six to twelve months, 
the ultimate prognosis was essentially the same, regardless of the time when the patient resumed walking. 

The end results might, in fact, have been predicted, for a devitalized femoral head cannot stand up 
under full weight-bearing. There is only one possible way to change the prognosis in this group of unfortunate 
patients. This is based upon early recognition of the necrosis of the femoral head and prevention of weight- 
bearing until the necrotic head has been completely replaced. 

This program is recommended for treatment of traumatic dislocation of the hip. We do not know at 
this time what the results would be in a significant series of patients, but from what we know of necrosis in 
other conditions the following program appears to be justified: 

1. Closed reduction is to be performed immediately. 

2. Since the highest incidence of traumatic arthritis occurs in patients with fractures of the acetabulum, 
it is important that fragments of the acetabulum be restored accurately, either by closed or by open reduction. 

3. Bed rest must be enforced for a period of three to six weeks, or longer if there are associated injuries. 

4. Walking on crutches may be permitted for six months after this. The patient should wear a half-inch 
lift on the shoe opposite the involved extremity, so that he does not bear weight on that side and the limb 
can dangle in full extension. This is not for the purpose of preventing necrosis. Necrosis occurs at the 
time of the injury and results from rupture or thrombosis of blood vessels supplying the head of the femur. 

5. After six months, steroscopic roentgenograms of the hip should be made to determine, if possible, 
whether the head has undergone uniform atrophy of disuse. If it has, the head is living and full weight- 
bearing can be resumed. Check-up roentgenograms of the hip should be obtained at three-month intervals 
for two years in order to verify this diagnosis. If the head appears normal in density at six months, but that 
density is greater than that of the surrounding living bone which has undergone atrophy of disuse, the head 
is necrotic. If there are irregular areas of density, necrosis has occurred but the head is undergoing revascular- 
ization. The head which has been dead since the injury cannot be said to begin to show aseptic necrosis. 
Mottling of the head is roentgenographic evidence of partial replacement. If necrosis has taken place and 
weight-bearing is resumed at six months or even at twelve months, the femoral head will collapse and the 
result will be unsatisfactory, as in the twenty-seven cases in the series reported by Dr. Thompson. Weight- 
bearing must be avoided until roentgenograms show complete replacement. The necrotic femoral head will 
undergo spontaneous replacement, but this process requires a minimum of three years. Ways must be found 
to hasten this process. 

Dr. Phemister, in his Instructional Course Lecture, discussed several cases of necrosis in which rapid 
replacement was obtained after the insertion of tibial bone grafts through the neck and head of the femur 
to the articular surface. If roentgenograms taken six months after a traumatic dislocation of the hip show 
a necrotic head, one might be justified in performing this operation. 
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The Academy should appoint a committee to study traumatic dislocations of the hip. No one surgeon 
will accumulate a series of cases sufficiently large to answer some of the problems which result from this 
injury, especially the efficacy of present methods of treating vascular complications. 


Dr. MarsHatu Urist, Los ANGELES, CALIFORNIA: Dr. Thompson and Dr. Epstein have reported 204 
cases and 116 end-result examinations, the world’s largest single series of dislocation of the hip joint. Their 
report will demand the attention of every future student of this problem. Dr. Dehne and Dr. Immermann 
have completed an exhaustive study of a rare combination of injuries,—fracture of the shaft of the femur 
associated with dislocation of the hip joint. The main problem was the management of the dislocation of 
the hip. 

These reports are the vanguard of more to come. We may soon expect a high state of development in 
our knowledge of dislocation of the hip joint. In a recent notice in the British volume of The Journal of Bone 
and Joint Surgery, it was announced that a survey is being made in England of a series of cases from the 
entire country. 

One of Dr. Thompson’s most important observations is the good results in seven patients with posterior 
rim fractures of considerable size which were not treated by open operation. Nine similar cases showed only 
fair or poor results under conservative treatment. Further studies are necessary to determine the exact 
indications for surgical treatment of rim fractures. The end results in the fracture-dislocations of the hip are 
the same as for other weight-bearing joints with one important difference,—the vulnerable structure of the 
blood supply te the head of the femur. The superior portion, the weight-bearing portion of the head of the 
femur, receives its blood supply through blood vessels which enter at the attachment of the retinacula of 
Weitbrecht and the posterior reflected capsule of the hip joint. 

We have personally examined the hip joint at open operation in nineteen fracture-dislocations,—fifteen 
in the United States Army ir England, France, and Germany in 1945, and four in civilian practice since the 
end of the War. These were open reductions upon large single fragments of comminuted rim fractures in 
eases in which the dislocations had been reduced within a few hours after the time of the injury. On ex- 
amination of the interior of the joint within a few days, hemorrhages in the substance of the retinaculum of 
the hip joint were found in two cases. This condition was not found in any of the other thirteen cases. Two 
years later, avascular necrosis of the head of the femur was found in only these two cases. We have recently 
seen a third case and photographed this lesion at open operation. 

The incidence of avascular necrosis in the individual patient may be prognosticated when a thrombus 
is found in the lake of areolar tissue beneath the attachment of the retinacula. In order to evaluate treatment 
of 100 cases, or even 1,000 cases, by statistical methods, and to ascertain indications for: (1) surgery versus 
conservative treatment; (2) traction versus immobilization; and (3) early versus late weight-bearing, it is 
absolutely essential that a clear distinction be made between degenerative arthritis, avascular necrosis, and 
other causes of poor end results. Degenerative arthritis is a progressive destructive lesion, presenting defects 
on both sides of the joint. Avascular necrosis is basically an infarction involving only one side of the joint. 
Avascular necrosis should be managed by such specific treatment as intramedullary bone grafts, recently 
suggested by Dr. Phemister, and restricted weight-bearing. Obviously both complications may exist to- 
gether in extensive fracture-dislocations; in such cases early arthroplasty or arthrodesis may be indicated. 


LIEUTENANT CoLONEL Ernst DEHNE (closing): I want to thank the discussors for their interest. I am 
in perfect agreement with Dr. Banks that the subject of aseptic necrosis, which was not the subject of my 
paper, is a very important one and needs further investigation. I do not agree with some of his interpreta- 
tions. In fractures of the head of the femur or in fractures of the carpal navicular, calcium density of the 
avascular fragment is evident after about six weeks, and revascularization of this fragment takes place 
much later, after four to twenty-four months. The roentgenogram discussed by Dr. Banks may give the 
appearance of replacement, but in my case this was seen four months after the injury. This would not sug- 
gest avascular necrosis but simply degenerative changes such as those seen in malum coxae senilis. 

Dr. Banks’ point that decalcification of the hip denotes a living head is important. In one of our cases 
in which the head eventually collapsed, decalcification was present one year after the reduction and the 
head collapsed only secondarily. I would suggest that this is the result of a secondary change occurring un- 
der the stress of weight-bearing. 

Finally, arthrodesis of the hip may be the preferred treatment in cases where the dislocation has been 
overlooked for a long time. However, in the one case, followed for three years, in which we shortened the 
femur and obtained good motion and a painless hip, I feel we achieved a better result than would have been 
possible with an arthrodesis. 


Dr. VeRNON P. Tuompson (closing): Dr. Epstein and I feel very fortunate in the choice of discussors 
of our paper. Dr. Banks and Dr. Urist have given us freely of their time and even went so far as to let us 
know what they were going to say. I wish to thank them very much. 

(Continued on page 792) 
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FRACTURE-DISLOCATION OF THE HIP 
REPORT OF AN UNUSUAL CASE 
BY T. F. RIGGS, M.D., AND R. C. SLOCUM, M.D., PIERRE, SOUTH DAKOTA 


From the Pierre Clinic, Pierre 


A dislocation of the hip with an associated fracture of the neck of the same femur 
is a condition brought about only by extreme forces applied in a particular direction. 
This is admirably achieved in the front seat of a modern, high-speed automobile, with 
the passenger’s hips and knees flexed to 90 degrees and the rigid instrument panel in 
position to do damage should the passenger be thrown forward. This case is preSented 
as an example of such an injury,—a very unusual fracture-dislocation which lent itself 
to the method of treatment described. 





On August 14, 1949, Mrs. R. B. was riding with her husband in a truck when a collision occurred with 
an automobile. The patient was thrown violently forward, striking her left knee on the instrument panel. 

She was brought immediately to the Hospital where the examination revealed a well developed female, 
fifty-nine years old, in acute distress. There was an obvious deformity of the left lower extremity, with 
shortening and external rotation. There was a large hematoma of the upper thigh, and pressure exerted 
over the trochanter was quite painful. No evidence of injury to the sciatic nerve was present. Blood pressure 
was 90 systolic. No abnormalities were noted in the heart, lungs, or thoracic cage, although she complained 
of pain across the lower chest anteriorly. 

Roentgenographic examination revealed a fracture-dislocation of the left hip, and a fracture of the 
posterior lip of the acetabulum (Fig. 1). The fracture line extended from a point distal to the lesser tro- 














Fia. 1 Fic. 2 


Fig. 1: Roentgenogram made the morning after admission, showing the dislocation of the femoral 
head and the fractures of the femoral neck and shaft and posterior rim of the acetabulum. 
Fig. 2: September 3, 1949. Roentgenogram made three days after the operation. 
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chanter to the junction of the neck with the greater trochanter. There was an iliac dislocation of the head, 
with the attached lesser trochanter directed anteriorly and upward by the pull of the iliopsoas muscle, and 
there was considerable over-riding of the shaft of the femur. 

The left lower extremity was placed in Russell’s traction with twenty pounds of weight. Repeated 
portable-unit roentgenograms, over a two-week period, failed to reveal any improvement. 

An open reduction seemed the only method of treatment which might offer a good result. On September 
1, 1949, the left hip joint was exposed through the Smith-Petersen approach. There was extensive hemor- 
rhage into the surrounding tissues. The bone fragments were found as had been previously determined by 
the roentgenograms. Ar. incision, two centimeters long, was made longitudinally through the iliofemoral 
ligament, and the acetabulum was explored with the finger. It was found to be empty and the fracture of 
its posterior rim, previously noted in the roentgenograms, was felt; the ligamentum teres had been torn at 
the site of its attachment to the acetabulum. Bone-holding forceps were attached to the lesser trochanter, 
and, with considerable manual traction, the head was replaced in the acetabulum. At the fracture site, the 
shaft of the femur was found to be unusually narrow; and it was felt that any internal fixation would be 
unstable and might split the shaft. While traction was applied to the foot and the proximal fragment was 
held in place with a clamp, a Parham band was placed about the shaft of the femur and the proximal frag- 
ment, just proximal to the lesser trochanter. The band was not made tight, since there was no chance of its 
slipping and since there would be less likelihood of bone necrosis. During the procedure, the patient received 
blood and saline solution; and at no time did her blood pressure fall below 100 systolic, 70 diastolic. After 
the operation, the patient received prophylactic treatment with penicillin. The limb was placed in Buck’s 
extension, with sand bags supporting it laterally (Fig. 2). 

On September 13, 1949, the patient was placed in well-leg traction casts, maintaining the left hip in 
abduction. 

A roentgenogram taken on September 23, 1949 (Fig. 3) revealed that there had been some changes in 
the relation of the two fragments since the time of surgery. With the casts in place however, there appeared 
to be no further change and the position was considered to be satisfactory. 

After the casts had been applied, it was observed that the patient’s legs had swollen considerably. The 
casts were then split along their lateral borders and were spread. Thrombophlebitis had developed and the 
patient was placed on intravenous injections of 125 milligrams of heparin, given at eight o’clock in the 
morning and at eight o’clock in the evening; 75 milligrams of heparin given at noon and at four o’clock in 

















Fic. 3 Fia. 4 
Fig. 3: September 23, 1949. Roentgenogram shows slight displacement of fragments. 
Fig. 4: November 12, 1949. Roentgenogram, seventy-four days after the operation, demonstrates 
callus formation about the lesser trochanter and between the fragments. There is noted also slight 
erosion of the shaft of the femur by the Parham band. 
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Fic. 5 


March 14, 1950. Roentgenogram, nine months after the injury, shows fragments apparently healed 
in a moderate coxa. valga. 


the afternoon. Clotting times were checked; the patient seemed to maintain a satisfactory prolongation. 
After the institution of the heparin therapy and the splitting of the casts, there was a slight reduction in the 
amount of swelling of the lower extremities, particularly below the knee. A brawny oedema of the lateral 
aspect of both thighs was noted. 

The hemoglobin determination at this time was 10.2 grams, which increased to 12 grams after trans- 
fusion of 1000 cubic centimeters of blood. There was some decrease in the swelling of the thighs following 
the blood transfusion. 

On October 13, 1949, twenty days after their application and forty-three days after the operation, the 
well-leg traction casts were removed. The patient was found to have good range of passive motion in the 
left hip, without pain. The swelling of the legs had almost completely disappeared. The amount of heparin 
injected was gradually decreased and was completely discontinued on October 18, 1949. On October 20, 
1949, the patient was allowed to be up in a wheel chair; and, with the dependent position of the legs, swell- 
ing and a purplish discoloration of the legs occurred which were partially controlled by elastic bandages. On 
November 3, 1949, sixty-four days after the operation, the patient was allowed to use the “walker” without 
weight-bearing on the left leg. Shortly thereafter, she was allowed to use crutches provided that she put no 
weight on the left leg. 

A roentgenogram (Fig. 4) with stereoscopic views, showed the position to be satisfactory. There was a 
large amount of callus about the lesser trochanter and a smaller amount between the two fragments in the 
region of the neck of the femur. This prolific callus formation was felt to be a fairly solid support with the 
Parham band, which, it should be noted, had caused slight bone erosion along the shaft of the femur. 

On November 16, 1949, the patient was discharged and sent home for further convalescence. 

In December 1949, she was seen for a routine examination. She had then an almost complete range of 
motion in the left hip, without pain. There was, however, a moderate swelling of the legs with cyanosis when 
they were in a dependent position. This, as before, was partially controlled by elastic bandages. Roentgeno- 
grams showed further callus formation. She was encouraged to use her crutches more, but was not allowed 
Weight-bearing. 
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In February 1950, the patient was seen, 
complaining of back pain. This was caused 
by an unrelated hypertrophic arthritis of the 
spine. A roentgenogram showed good union 
with no vascular changes in the head of the 
femur, and she was allowed partial weight- 
bearing with crutches. 

In March 1950, the patient had no 
complaints and had a complete range of 
motion in the hips, without pain; however, 
the moderate swelling of the legs persisted. 
Roentgenograms of the hip (Fig. 5) revealed 
the fracture apparently healed in moderate 
coxa valga and showed no definite evidence 
of avascular necrosis of the head. The patient 
was told to gradually increase weight-bear- 
ing, using a cane for support. 

The patient was last seen on December 
15, 1950, sixteen and one-half months after 
the open reduction and the application of 
the Parham band to the left hip. She then 
reported that there was still some oedema 
of both lower extremities at the end of the 
day, which disappeared at night. 

The physical examination showed dila- 
tation of the veins in the lower right abdomen 
which was doubtless due to the accessory 
development of the veins following a previous 
deep thrombosis. The left side of the ab- 
" : domen showed no such venous engorgement. 

Fic. 6 The patient walked very well, although 
December 15, 1950. Roentgenogram, sixteen and one- there was a slight limp noticed. She stated, 
haif months after the operation, shows excellent callus however, that this was not due to pain. 
formation, good position, and the Parham band in place. : , 
There is however, evidence of avascular necrosis of the Roentgenograms were made which 
femoral head in terms of increased density, irregularity of | showed excellent callus formation, good posi- 
the articular surface and joint space, and some flattening tion, and the Parham band in place. Two 
of the weight-bearing portion of the head of the femur. 














small spicules were noted at the lesser tro- 
chanter and the acetabulum which did not 
seem significant. There was, however, some evidence of avascular necrosis of the femoral head in terms of 
increased density, irregularity of the articular surface and joint space, and some flattening of the weight- 
bearing portion of the head of the femur (Fig. 6). 


DISCUSSION 
ANALYsIS oF SucTion-SockET WEARERS 


(Continued from page 649) 


of the muscles. As the muscles are tensed, the diameter of the stump increases greatly. The socket thus fits 
too loosely with the stump relaxed and is too tight with the stump tensed. Such stumps may require surgical 
revision. 

The operation described by Harold Conn * is recommended. The Conn procedure effectively restores 
the muscles to their bone attachments and prevents excessive muscle retraction. 

I would like to congratulate the authors on their excellent presentation. 

“Conn, H. R.: Amputation Stumps of Lower Extremities: The Causes and Treatment of Prolonged 

Disability. Surg., Gynec., and Obstet., 43: 524-528, 1926. 


Dr. Ropert Mazer (closing): I thank the discussors for being so kind. There is really nothing to add 
except that I would like to point out that our tables vary a little from Dr. Thorndike’s in that we adopted 4 
six-month minimum period, and we do not include the intermediate group of partial wearers. We regarded 
anyone who was an alternate wearer as a member of the unsuccessful group,—the people whom we called 
successful were the people who were wearing the suction socket all the time and working in it. 
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THE RING APOPHYSIS OF THE HUMAN VERTEBRA 
CONTRIBUTION TO HUMAN OSTEOGENY. II 


BY EDGAR M. BICK, M.D., F.A.C.S., AND JOSEPH W. COPEL, M.D., NEW YORK, N. Y. 
From the Orthopaedic Service, Mount Sinai Hospital, New York City 


In a previous paper on the osteogeny of the human vertebra, it was stated that the 
so-called epiphyseal ring, which is found during the growth period as a narrow cartilagi- 
nous mound lying on the rims of the cephalad and caudad surfaces of the vertebral body, 
took no part in its longitudinal growth, and was in fact misnamed.! It lay outside the 
true epiphyseal plates and actually most nearly resembled an apophysis of the traction 
type, responding to the attachments of the longitudinal and intervertebral ligaments of 
the spine. As in similar apophyses elsewhere in the skeleton, when it approaches maturity, 
it ossifies and finally fuses with the vertebral body.'! This apophyseal resemblance had 
also been suggested by others, especially Schmid in his recent study of Scheuermann’s 
disease,? but has not been histologically demonstrated. The verification of this observa- 
tion has been seriously questioned by a number of investigators.! 

In our earlier histological sections, the appearance of the vertebral ring apophysis 
was incidental to the primary study of enchondral growth, so that specimens had not 











Fig. 1-A Fig. 1-B 
Six-year-old female. Lower thoracic vertebrae. 


Fig. 1-A: Section from adjacent anterior corners of a sagittal cut. 
a: Expanding enchondral ossification of the vertebral body. 
b: Intervertebral dise and annulus fibrosus. 
c: Area of condensation of calcified cartilage in the articular cartilage of the cephalad and caudad 
perivertebral depressions. 
d: Insertion of fiber of anterior longitudinal ligament. 
e: Epiphyseal plate. 

Fig. 1-B: Central two vertebrae are those from which the histological sections were taken. The light 
shadow of the calcific condensation is visible anteriorly within the depression and at the level of the ceph- 
alad and caudad limits of the enchondral ossification mass. It is quite unusual to find x-ray evidence of 
the ring at this early age, but this case is not unique. 
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Fic. 2-B 


Ten-year-old male. Lower thoracic vertebrae. 





Fig. 2-A: In this section, condensation of car- 
tilage within the depression and outside the 
epiphyseal plate is clearly seen. The insertion of 
% fibers of the anterior longitudinal ligament at 

Fia. 2-A this level into the surface cells of the cartilage is 
particularly visible. 

Fig. 2-B: In this x-ray film, calcification of the ring anteriorly was not dense enough to be visible, but 
there is a suggestion of it along the superior and inferior borders of the vertebrae more centrally. 
(This is of course a projection of circumferential densities. ) 











Fia. 3-A Fig. 3-B 
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Figs. 3-A and 3-B: Thirteen-year-old female. Lower thoracic vertebrae. 

Fig. 3-A: In this section the first clear evidence of ossification appears in the ring (c). It is obviously 
well outside the line of the epiphyseal plate (¢). Fibers can be easily seen branching away from the 
main line of the anterior longitudinal ligament and attaching to the cartilaginous depression at the 
site of formation of the ring (d). 

Fig. 3-B: The ring in the x-ray film is obvious. Note that, as compared with Fig. 1-B, the vertebral- 
body mass appears to have spread toward the ring, filling in a large intervening radiolucent area of 
cartilage. 








Fig. 4-A Fia. 4-B 


Fourteen-year-old female. Lower thoracic vertebrae. 


Fig. 4-A: Further ossification has taken place in the ring. Note that it is still outside the epiphyseal 
border of the growing vertebral-body mass and adds nothing to the longitudinal growth of the mass 
inside the periphery. 

Fig. 4-B: The x-ray film shows the space between the ring and the body more densely occupied by 
the expanding bone mass of the latter. 


been cut with its demonstration specifically intended. This left a certain hiatus in the 
evidence of an important aspect of vertebral development. This hiatus was particularly 
important, since it concerned the most controversial point in the problem. The study has 
been completed by gathering additional specimens of human vertebrae between the ages 
of six (the usual age of its earliest gross appearance), and eighteen (which has been found, 
contrary to previous reports’, to be the age of its usual fusion), and preparing them to 
properly demonstrate the development of the ring. 

The interest of the roentgenologists in the subject was expressed by an editorial 
which appeared in the American Journal of Roentgenology following the publication of 
our previous report.‘ Recognizing the validity of their helpful criticism, we made x-ray 
pictures of each new specimen after dissection and before cutting. The specimens in- 
cluded herein are taken from those of our collection in which corresponding x-ray films 
showed the visible presence of the ring. 


DISCUSSION 
Sections of human vertebrae were cut to exhibit the histology of the vertebral-ring 


apophysis. This ring was first called the ‘Randleiste’”’ by Schmorl.* It is a narrow mound 
which more or less completely encircles the rims of the upper and lower surfaces of the 
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Fia. 5-B 


Seventeen-year-old male. Lower thoracic ver- 
tebrae. 

Fig. 5-A: In this section the ring has begun to 
fuse with the ossific mass of the body. It barely 
extends beyond the longitudinal reaches of the 
latter. 








Fig. 5-B: The x-ray film shows almost com- 
plete fusion of the ring apophysis to the verte- 
bral-body mass. 


Fig. 6: Eighteen-year-old female. Lower tho- 
racic vertebrae. 

Fusion between the ring apophysis and the 
vertebral-body mass is complete. It has expanded 
only its own relative size with growth of the 
body, but it has added nothing to the longitu- 
dinal growth of the vertebra. Its own expansion 
has been within the circumferential depression 
at the cephalad and caudad rims, has been 
within a cartilaginous anlage, and, except at the 
periphery, has not produced the articular car- 
tilage of the vertebral body. 


vertebrae. It may be lacking at the pes- 
terior margin. Its purpose has always 
been questioned, but it has been sug- 
gested, and our specimens demonstrate 
that it is the site at which branching 
fibers from the long intervertebral liga- 
ments insert into the individual verte- 
bra. These fibers by their function exert 
traction at their point of insertion. 
The ring develops by a concentration 
Ride SERS en fe of cells within the cartilaginous depression 
Fic. 6 which surrounds the upper and lower rims 
of the growing ossific mass of the vertebral 
body. This depression is evident only histologically and roentgenographically. Grossly 
it is a radiotranslucent cartilaginous slight prominence following the margins of adjacent 
surfaces. This circle calcifies at about six years of age, begins to ossify at about thirteen 
years, and begins to fuse with the body mass of bone at about seventeen years. At eighteen 
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years, in each section we have studied, fusion is apparently complete. At about twenty 
years of age, the ring cannot be histologically identified. It is always covered by the same 
articular cartilage plate that covers the ends of the vertebra. 

At all times until fusion begins, it develops outside the epiphyseal plate. It main- 
tains its own relative rate of growth, commensurate with that of the body. It adds noth- 
ing to the longitudinal growth of the vertebra; in fact, it does not even lie connected with 
it except at its periphery. While developing in the peripheral osseous depression, it seldom 
extends more than a millimeter or two beyond the longitudinal range of the vertebra 
itself. Histologically speaking, it acts precisely as does an apophysis lying outside the 
line of longitudinal growth of its bone mass. In view of the attachment of the long verte- 
bral ligament fibers, it may be classified as a traction apophysis. We therefore prefer to 
call it the vertebral-ring apophysis, or more simply, the vertebral ring. 
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IRREDUCIBLE DISLOCATIONS OF THE KNEE JOINT 
BY ARTHUR S. GRISWOLD, M.D., BRIDGEPORT, CONNECTICUT 


From the Orthopaedic Service of the Bridgeport Hospital, Bridgeport 


From a review of the standard texts on the treatment of fractures and dislocations, 
it would appear that traumatic dislocations of the knee joint are readily reduced with- 
out difficulty. Thus Key and Conwell! state ‘‘all that is necessary is to have an assistant 
make traction on the leg while countertraction is made on the thigh, and the surgeon, 
by direct pressure on the bones, pushes or pulls the tibia back into place’. As they have 
pointed out, the cruciate and lateral ligaments are more or less extensively ruptured. 
Accordingly, they do not advise open reduction, ‘‘as the ligamentous damage is so ex- 
tensive that there is little chance of operative repair and the chance is not worth the 
risks incident to the operation”’. 

There is, however, one type of dislocation in which open operation is not only ad- 
visable but also imperative, since reduction is otherwise impossible. It is the purpose of 
this paper to call attention to this type of dislocation and to record four such cases which 
have been admitted to the Orthopaedic Service of the Bridgeport Hospital during the 
past thirteen years. 
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Case 1. A. L., male, aged fifty-three years, was admitted to the Hospital on February 20, 1937, shortly pits 
after having been struck on the outer side of the right knee by an automobile. The examination revealed an phy 
obvious lateral dislocation of the knee joint. Roentgenograms made immediately (Fig. 1) confirmed this afte 
diagnosis and excluded the possibility of any complicating fractures. Considerable swelling in and around but 
the knee joint was present, with a transverse groovelike depression beneath the skin along the medial joint 
line. No nerve or vascular complications were noted. 

Under general anaesthesia, reduction was attempted by traction and by direct manipulation. Most of hav 
the gross deformity could be readily corrected; full reduction, however, could not be secured, for the medial left 
tuberosity of the tibia failed to return entirely to its normal position beneath the femoral condyle. It was Exa 
observed that the groovelike transverse depression, noted prior to manipulation, became even more pro- was 
nounced and gave the impression that the deeper capsular structures were caught and held within the joint. wha 
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Fic. 1 Fig. 2 
Fig. 1: Case 1. A. L. Tracing of anteroposterior x-ray of right knee showing lateral dislocation. I 
Dislocation was irreducible because of complete avulsion of the tibial lateral ligament and interpo- mal 
sition of the capsuloligamentous flap within the joint. Characteristic depressed groove on the sms 
medial aspect of knee is clearly shown. F 
‘ig. 2: Case 2. L. O’D. Tracing of anteroposterior x-ray of the left knee, showing incompletely re- loca 
duced lateral dislocation with capsuloligamentous flap interposition. Note the well marked groove gro 
on the medial side of the joint. 
view ¢ 
Accordingly, a few days later the man was operated upon through a five-inch medial parapatellar in- invagi 
cision. As soon as the subcutaneous tissues had been incised, the joint was found to lie wide open, without anteri 
the interposition of any capsule or of any ligamentous structures. Much clotted blood was removed, and it he me 
was then apparent that the entire tibial collateral ligament with the adjacent capsule had been avulsed joint, 
en masse from its attachment to the femoral condyle; and, as abduction of the knee had continued, the entire plied \ 
sheet of the capsule, together with the ligament, had been drawn into the joint where it fitted tautly, like a fitting 
glove, over the articular surface of the tibial tuberosity. The whole picture was as though the femoral condyle gradua 
had been forced through the capsule and ligaments at their upper attachment as in a “button-hole disloca- | jotioy 
tion” of a metacarpophalangeal joint. Ay 
This capsuloligamentous flap was stretched so tightly over the medial half of the tibia that it could not knee ¥ 
be retracted until its posterior edge had been incised and freed. It could then be drawn out without difficulty. trainin 
Although the cruciate ligaments were seen to be torn, the medial meniscus was undamaged and so was not aally, ¢ 
disturbed. Reduction now was secured by simple adduction of the knee, after which the capsule and liga- oposter 
ments were reattached to the femoral condyle with a few silk and catgut sutures; and the wound was closed. 
A well fitting toe-to-groin cast was then applied with the knee in maximum adduction. This was removed C: 
after six weeks at which time physical therapy and active exercises were started. The patient left the hos- after s} 
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pital one week later, walking with crutches. These were discarded shortly afterward; and, with continued 
physical therapy and active exercises, his motion gradually returned to normal. When last seen, five months 
after the operation, there was full range of motion of the knee with minimum anteroposterior instability 
but with no lateral instability. 


Cask 2. L. O’D., male, aged seventeen years, was admitted to the Hospital on October 29, 1938, after 
having been injured in a football game in which he had been tackled violently from the side, injuring his 
left knee. The marked deformity which had been present originally had been corrected prior to admission. 
Examination revealed a swollen, painful knee without gross deformity. However, marked lateral instability 
was noted, together with a deep transverse groove along the medial joint line. Although x-rays showed 
what was reported by the roentgenologist to be a normal knee, without fracture or dislocation (Fig. 2), in 














Fic. J Fiu. 4 


Fig. 3: Case 3. A. V. Tracing of anteroposterior x-ray of the left knee showing lateral dislocation with 
marked rotation of tibia and fibula. Depressed groove is largely obscured by obesity and swelling. A 
small fracture fragment has become detached from the intercondyloid eminence. 

Fig. 4: Case 4. C. S. Tracing of anteroposterior x-ray of the right knee showing partial lateral dis- 
location with the interposition of the capsuloligamentous flap which prevented closed reduction. The 
groove is clinically obscured by obesity and swelling. 


view of our previous experience with Case 1, the diagnosis of a lateral subluxation of the knee joint with 
invagination of the capsule was made. Two days later this was confirmed by operation, at which time the 
anterior cruciate ligament was seen to be torn, and the posterior half of the medial meniscus was found to 
be markedly loosened from its attachment, necessitating its removal. The capsule was drawn out of the 
joint, the dislocation reduced, and the ligament repaired. After the operation, a toe-to-groin cast was ap- 
plied with the knee in maximum adduction. After two weeks, this was removed, and a new more closely 
fitting plaster cast was applied which remained on an additional four and one-half weeks. Knee motion 
gadually returned, and, on March 16, 1939, he was discharged from treatment, having regained full knee 
motion. 

At a follow-up examination in September 1945, seven years after the operation, he reported that his 
knee was functionally perfect. He had been accepted for service in the Air Corps, had undergone flight 
training without difficulty, and had flown in the European Zone for some months without mishap. Clini- 
tally, aside from the operative scar, his knee was normal; no suggestion of any instability, lateral or anter- 
oposterior, was detectable. 


Case 3. A. V., an obese female, aged sixty-six years, was admitted to the Hospital on January 31, 1943, 
after she had slipped and fallen, severely wrenching her left knee. The exact details of her injury were im- 
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possible to obtain because of language difficulties. On admission, there was marked deformity of the knee 
joint with obvious lateral and posterior dislocation and considerable swelling. After x-rays were reported 
confirming the diagnosis, with the additional mention of a small avulsed fragment of the intercondyloid 
eminence (Fig. 3), reduction was attempted under anaesthesia. Because of the excessive swelling, no medial 
transverse groove was noted until the gross deformity of the knee was corrected, when it became apparent; 
and it was evident that full reduction had not been secured. Accordingly, after the knee had been splinted 
for a few days, she was operated upon, and exactly the same pathological changes were found as in the two 
previous cases, except for the minor avulsion of the intercondyloid eminence as noted in the roentgenograms 
and the absence of any meniscus derangement. Immobilization was continued for ten weeks with a change 
of cast as the swelling subsided. Much chronic swelling persisted for some weeks, but gradually subsided 
with resumption of activity. On May 30, 1943, five months after operation, knee flexion was to 90 degrees 
with good anteroposterior and lateral stability. She was walking well without support, and active treatment 
was discontinued. 

She was seen again in September 1944, twenty months after the injury, when she was admitted to the 
hospital after a cerebrovascular accident. Examination at that time showed that excellent functional recoy- 
ery had been secured with full flexion of the knee and only minimal lateral] instability, probably due to her 


obesity and excessive weight. 


Case 4. C. S., male, aged seventy-five years, was admitted in September 1944, shortly after wrenching 
his right knee while getting out of an automobile. Examination showed him to be an obese, elderly man who 
had suffered from hypertensive cardiovascular disease for many years, with one cerebral accident about 
fifteen years previously from which he had made a good recovery. His heart was enlarged with blowing 
systolic and aortic murmurs. His blood pressure on admission was 230 systolic, 118 diastolic. 

The right knee showed the gross swelling and deformity characteristic of a lateral dislocation of the 
knee. Roentgenograms confirmed this diagnosis (Fig. 4). No definite transverse groove was noted, probably 
because of the excessive swelling and obesity. Accordingly, a closed reduction was attempted, but it was 
unsuccessful; and, as in Case 3, as soon as partial reduction was effected, the transverse depression became 
obvious. 

Operation was advised and performed the next day. Precisely the same pathological changes as in the 
other three cases were found, and the same procedure was carried out. He stood the operation well, and no 
cardiac or vascular complications ensued. After simple bed rest, his blood pressure dropped to 148 systolic 
and 86 diastolic at the time of his discharge from the Hospital on October 17, four weeks after the operation. 
The cast had been changed in the interim. Three weeks later the cast was removed, and no further support 
was given except that of an elastic bandage. At this time, he was walking well with crutches and moderate 
weight-bearing. In spite of his advanced age, motion returned quite rapidly, and on January 14, 1945, four 
months after the operation, his knee flexion was well beyond a right angle, and he was ready to return to work. 

A follow-up examination five years after operation, on August 9, 1949, when he was eighty years of 
age, showed a functionally perfect knee. He walked without a limp, and went upstairs and downstairs nor- 
mally. Flexion was as complete as in the opposite knee, quadriceps development was excellent, and lateral 
and cruciate instability was hard to detect. He rarely used a cane, and then only outdoors, chiefly because 


he was afraid of stepping into a hole and falling again. 


SUMMARY 

From a consideration of the above series of cases, the following points may be em- 
phasized: 

1. Age apparently was not an important factor in the etiology of this type of dislo- 
‘ation, as the age distribution ranged from seventeen to seventy-five, although it may 
be noted that three of the four patients were over fifty. 

2. The type of trauma seemed not to be a constant factor. In Case 1 and possibly 
Case 2, the trauma was direct, applied to the lateral side of the knee. In Cases 3 and 4, 
indirect violence from a slip and fall was responsible. 

3. The diagnosis of a traumatic dislocation of the knee is usually obvious at inspec- 
tion. The diagnosis of an irreducible dislocation, however, depends upon one characteristic 
sign, —- a more or less deep transverse groove or depression along the medial joint line. 
This sign may be obscured by excessive swelling or obesity; but, even in these cases, it 
becomes evident when closed reduction is attempted and only partial reduction is secured. 
Roentgenograms are of no great help, as the hindrance to reduction is a soft-tissue ob- 
struction rather than bone obstruction. 

4. Pathological changes were identical in all four cases except for the sprain fracture 
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of the tip of the intercondyloid eminence found in Case 3, and the loosening or disloca- 
tion without gross tearing of the medial meniscus in Case 2. 

5. Treatment naturally falls into three categories, — non-operative, operative, and 
postoperative. 

In non-operative treatment, it would appear that attempts at closed reduction should 
only be made in the absence of a visible transverse groove along the medial joint line and 
when, consequently, the true diagnosis is in doubt. In this series of cases, al! attempts 
at closed reduction proved to be unsuccessful. 

In operative treatment, before actual reduction of the dislocation, the joint should 
be thoroughly inspected for any additional pathological changes, such as a torn or dis- 
placed medial meniscus or loose fracture fragments. Although, in the cases here reported, 
no fragments were encountered, in another case, the dislocation itself was readily reduced 
by closed reduction, but check roentgenograms demonstrated a loose fracture fragment 
in the joint, which required subsequent operative removal. 

The problem of postoperative fixation after complete ruptures of the cruciate and 
lateral ligaments is one about which considerable difference of opinion appears to exist; 
various periods of immobilization, ranging from four weeks to a year, have been recom- 
mended. A somewhat prolonged period might be justified in carrying out conservative 
treatment of a complete rupture of the medial collateral ligament. In these cases, however, 
an efficient repair of the collateral ligament (which usually proved to have been avulsed 
from its attachment rather than ruptured in the middle) has been performed, and the 
lateral instability of the knee thereby corrected. Admittedly, the cruciate ligaments are 
also torn, but complete immobilization of the knee from six to ten weeks, if carried out 
immediately after injury, results in excellent healing and stability of the knee without 
the necessity of any surgical repair of these ligaments themselves. 

It is most important, however, that the plaster fixation be applied with the knee in 
maximum adduction to relieve the medial collateral ligament of any strain. Inclusion of 
the foot in some inversion for the first few weeks is also desirable. It is important that the 
east be snug-fitting at all times in order to prevent the development of any lateral wobble 
in the knee during healing. Consequently, one or more changes of the plaster are neces- 
sary to counteract any looseness which may result from subsidence of swelling and shrink- 
ing of the muscles. 

Lastly, it is important to institute setting-up quadriceps exercises as soon as possible 
after the operation, and to ensure use of the leg muscles by early ambulation, long before 
the actual removal of the cast. If these simple principles are carried out, an- excellent 
functional result from a severe injury may reasonably be anticipated regardless of the 
age of the patient. 


|. Key, J. A., and Conwe.., H. E.: The Management of Fractures, Dislocations, and Sprains. Ed. 4, pp. 1085, 
1086. St. Louis, C. V. Mosby Co., 1946. 
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A MECHANICAL LEG-LENGTH EQUALIZER FOR USE 
IN THE OFFICE AND CLINIC 


BY T. B. QUIGLEY, M.D., BOSTON, MASSACHUSETTS 


From the Department of Surgery, Harvard Medical School, and the Surgical Service, 
Peter Bent Brigham Hospital, Boston 


The correction of scoliosis, pelvic tilt, and inequalities of leg length by raising the 
short, or apparently short, extremity is a daily procedure in the orthopaedic office or clinic. 
This is usually done by means of wooden blocks of various thicknesses. The use of these 
blocks, however, has several disadvantages, — they are likely to get lost and misplaced, 
weight must be shifted for each change in height, and large corrections are immediately 
apparent to the patient, and at times produce apprehension. 

The device illustrated (Figs. 1 and 2) is de- 
signed to minimize these difficulties and to save the 
time both of the surgeon and of the patient. It con- 
sists of two parallel platforms of moderately heavy 
steel, one fixed and one movable in the vertical plane. 
The movable platform is raised or lowered by the 
worm gear of an automobile jack. The over-all range 
of motion is three inches. For larger corrections, 
wooden blocks can be placed on the fixed platform. 

This device has been particularly helpful in the 
management of patients with back pain associated 
with scoliosis and a short lower extremity. The 





Fia. 2 





patient stands on the two platforms, facing away from the examiner, and the scoliosis 1s 
gradually corrected. At times relief from pain is immediate, since the repeated stimuli 
associated with stepping on and off a pile of wooden blocks are absent. 





DISCUSSION 
(Continued from page 778) 
We all hope that the end results of Dr. Phemister’s bone-graft treatment of avascular necrosis will be 
as favorable as the early cases suggest. Under these encouraging circumstances, we should agree to a pro- 


longed period of non-weight-bearing. @ 
In this series, traumatic arthritis was present more frequently than avascular necrosis. The challenge 


presented by traumatic arthritis should not be obscured by the great advances made in the study of avascular 


necrosis. 
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ENGELMANN’S DISEASE (PROGRESSIVE DIAPHYSEAL HYPEROSTOSIS) 


Report OF A CASE 


BY COMMANDER WILLIAM H. GULLEDGE, Medical Corps, United States Navy, 
AND J. WARREN WHITE, M.D., HONOLULU, HAWAII 


From the Shriners’ Hospital for Crippled Children, Honolulu 


Engelmann’s disease is a rare disorder, characterized by fusiform expansion and 
hyperostosis of the diaphyses of the long bones, together with malnutrition and under- 
development. Nine such cases have been reported so far. 

Engelmann first called attention to this disease in 1929 when he published “ Ein Fall 
von Osteopathia hyperostotica (sclerotisans) multiplex infantilis”. In 1943 Riley and 
Shwachman reported two cases with almost identical findings and described the condition 
as ‘‘ Unusual Osseous Disease with Neurologic Changes”. Sear, in 1948, described another 
case under the title of “‘Engelmann’s Disease’’. In 1948, Neuhauser, Shwachman, Witten- 
borg, and Cohen presented a 
study of two new cases and a 
follow-up on the two cases 
previously reported by Riley 
and Shwachman, under the 
title ‘‘ Progressive Diaphyseal 
Dysplasia’’. Michaelis re- 
ported one case in 1949. 
Bingold, in 1950, described 
an additional case and re- 
viewed the seven cases pre- 
viously reported. Stronge and 
McDowell contributed the 
report of the ninth case in 
1950. 

We feel that the term 
“Progressive Diaphyseal Hy- 
perostosis” is a more fitting 
name for this syndrome. Hy- 
perostosis is the term used 
by Engelmann in his original 
title and etymologically is a 
more precise description of 
the bone changes than is the 
word dysplasia. 


CASE REPORT 


The patient, a nine-year-old 
Filipino boy, has been followed in 
this Clinic for two years. Present- 
ing symptoms were pain and weak- 
ness in the lower extremities of 
two to three years’ duration. His 
birth and delivery had been normal. Fig. 1-A Fig. 1-B 





He had had no serious illnesses, Photographs showing anatomical type. Notice the long femora and 
although in infancy there had been the underdevelopment of the thigh muscles. 
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Section of cortical bone (X 30), showing enlarged 
and thickened trabeculae and diminution of oste- 
ocytes. (Hemotoxylin and eosin stains.) 


a series of febrile attacks of unknown etiology. He 
had always been weak and thin as compared with 
other children of his age. His pain was described as k 
an ache of moderate severity, which occurred par- Fic. 6 

ticularly after any physical exertion. Roentgenogram of femur two years after initial 

Both parents were living and well. The mother’s examination. Note progression of hyperostosis. 
Wassermann was negative. An older brother was of 
the same anatomical type as the patient, but on roentgenographic study he proved to have normal bone struc- 
ture. Some time prior to the initial examination, the family had joined a religious sect which prohibited the 
eating of any food of animal origin. The diet of the patient, therefore, consisted entirely of raw and cooked 
vegetables; not even milk was allowed. This was not believed to play a part in the etiology of his illness, but 
it did later complicate therapy. 

On examination the patient proved to be a thin, undernourished boy with marked underdevelopment 
of the musculature, particularly about the hips and thighs (Figs. 1-A and 1-B). He walked with a wide, 
waddling gait and was unable to rise from a squatting position because of muscle weakness. There was no 
tenderness or limitation of motion in the extremities. His weight was 39 pounds, sitting height 25.5 inches, 
length of lower extremities 24 inches, and total height 47.75 inches. 

Laboratory findings were as follows: Wassermann and Kahn tests were negative. Urinalysis was normal; 
Bence-Jones protein was absent. Mantoux and Schick tests were negative. Blood picture was normal, with 
the sedimentation rate 21 millimeters per hour (by the Cutler vein method). 

Chemical analysis was as follows: 

Blood calcium 10.8 milligrams per 100 cubic centimeters; 
Phosphorus 3.2 milligrams per 100 cubic centimeters; 
Alkaline phosphatase 16.4 Bodansky units; 

Acid phosphatase 0.6 Bodansky units; 

Plasma cholesterol 89 milligrams per 100 cubic centimeters. 

The roentgenographic findings were of the greatest interest. A skeletal survey showed diaphyseal in- 
volvement of the long tubular bones bilaterally, consisting of fusiform enlargement and characterized by 
cortical sclerosis (hyperostosis) interspersed with areas of narrowing. The petrous portions of the temporal 
bones were sclerotic. The other bones of the skeleton were not involved. Figure 6 is a roentgenogram of the 
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ENGELMANN’S DISEASE 797 


femur taken two years after the initial examination and shows progression of the process. The films also indi- 
cate that the normal layer of subcutaneous fat is practically absent and that the musculature is under- 
developed. 

A biopsy of the mid-shaft of the ulna revealed a thickened periosteum and a thickened and sclerotic 
cortex. Microscopic examination (Fig. 5) showed heavy and hypertrophied trabeculae. There was no evidence 
of any inflammatory process. Histological diagnosis was benign hypertrophy of bone of undetermined 
etiology. 


DISCUSSION 


The clinical and roentgenographic findings in all of the reported cases have been 
quite similar. The bilateral changes in the diaphyses of the long bones, as well as the 
malnutrition and underdevelopment, are consistently present. No constant laboratory 
data of significance have been found. Biopsies have shown diffuse non-specific bone 
changes. No hereditary influences are yet evident; the etiology is obscure. Treatment has 
been empirical and generally unsatisfactory. The prognosis of this progressive disease is 
unknown, since the oldest patient reported is only twenty-eight years of age. The au- 
thors feel that a more appropriate term for this syndrome is “progressive diaphyseal 
hyperostosis”’. 
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OSSEOUS TUBERCULOSIS WITH NEGATIVE TUBERCULIN TEST 
REPORT OF A CASE 


BY LEWIS COZEN, M.D., LOS ANGELES, CALIFORNIA 


From the Clinics of the Orthopaedic Hospital, Los Angeles 


Although it is generally accepted that a negative reaction to the tuberculin test pre- 
cludes the possibility of tuberculosis of bone, exceptions have been noted. Girdlestone 
states that ‘‘in a very ill patient with rapidly progressive disease a negative skin reaction 
does not exclude tuberculosis of bone’’. Sanchis-Olmos is of the opinion that a negative 
reaction may be observed during the first two or three months of the disease. Also, he 
states that measles induces a negative phase which lasts ‘“‘two or three months, sometimes 
longer’. He mentions rare instances of “verified osteoarticular tuberculosis observed by 
various authors (through positive inoculation in the guinea pig, biopsies, and analysis of 


’ 


the pus) in which the reaction to the tuberculin test was repeatedly negative”’. 
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A number of authors have reported on the incidence of reactions to the tuberculin 
test in tuberculosis of bone. Positive reactions were recorded in all of the nineteen cases 
observed by Howard, Johnston, and Mitchell; in 90.9 per cent. of 121 cases from The 
Hospital for Joint Diseases, as reported by Blair and Galland; in 92 per cent. of eighty-five 
cases! at the Massachusetts General Hospital and Children’s Hospital in Boston; in all 








Fia. | 
Defect of the right calcaneus proved to be a tuberculous lesion. 


but one of 538 patients! at the New York Orthopaedic Hospital; and in thirty-eight of 
thirty-nine cases of tuberculosis of the spine reported by Chandler and Page. 

Discrepancies can be found in the great majority of reported instances of a negative 
reaction to the tuberculin test in tuberculosis of bone. First, in many of the cases with 
negative reactions, the question may be raised as to whether or not the diagnosis of tuber- 
culosis was proved by the actual recovery of tubercle bacilli. Second, a false positive 
reaction may be obtained, on many occasions, by the use of a large dose of tuberculin, 
thus causing a non-specific reaction. 

At the Orthopaedic Hospital, Los Angeles, positive reactions to the tuberculin test 
were obtained in thirty-two of a total of thirty-three patients with osteo-articular tuber- 
culosis. The case history of the one patient with a negative reaction to the tuberculin test 
is presented. 

This case is of especial interest because the reaction to tuberculin was negative on 
three separate occasions, the patient was not acutely ill, yet tuberculosis of bone was present. 

A two-year-old Negro girl (T.W.) was admitted to the Orthopaedic Hospital on November 18, 1949. 
Her mother stated that, for the previous five weeks, the child had been “limping on the right leg”. There 
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Fig. 2 


Tubercles in the right caleaneus. Acid-fast bacilli were recovered when a guinea pig was injected 
with material from this area. 


was no known previous injury or disease. The mother had noted that the child complained of pain in the 
arch of the right foot when she was being bathed and also that she usually walked only on the toes of the 
right foot. 

When the child was examined, it was noted that she had an equinus gait, but there was not a fixed 
equinus deformity when the foot was passively dorsiflexed. There was slight atrophy of the right calf and 
a slight thickening of the right heel laterally and medially. When the upper extremities were examined 
later, loss of extension of the right elbow of 20 degrees and flexion limited to 110 degrees were observed. 
Motion of the left elbow was normal. 


Roentgenographic Examination 


Roentgenograms were made of the right caleaneus, the chest, and the forearms. The roentgenologist’s 
report is summarized as follows: A mottled area of destruction of the center of the os calcis was seen; there 
was evidence of minimum soft-tissue and bone reaction about this lesion. There was some peribronchial 
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infiltration which was essentially normal. In the forearms, some mottling and trabecular markings in the 
proximal halves of both ulnae were disclosed, and the medullary canal was narrowed. A localized area of 
destruction was present in the distal end of the left radius. 


Tuberculin Tests 


Results of tuberculin tests were read by the staff consultant on tuberculosis. The accuracy of the readings 
cannot be questioned. The Mantoux test with 0.01 milligram of old tuberculin on November 22, 1949, was 
negative. The test was repeated on November 24, using 0.0005 milligram of purified protein derivative, 
and again on February 16, 1950, using 0.01 milligram of old tuberculin. On both occasions the reaction was 
again reported as negative. 

The cutaneous reaction to the test for coccidiosis was negative, as was that to the Kline test for syphilis. 

The sedimentation rate was 16 millimeters in an hour by the Cutler method. 


Biopsy 

A biopsy of the right caleaneus was performed on January 20, 1950. There was heavy infiltration of 
small round cells, plasma cells, and mononuclear phagocytes, many with vacuolated cytoplasm. Frequent 
multinuclear giant cells were seen. Occasional discrete tubercle-like structures of round cells of fibroblastic 
structure were present; evidence of central caseation could not be found. Several small spicules of bone were 
necrotic. Special stains failed to reveal evidence of tubercle bacilli. 

Material obtained at this biopsy was used for guinea-pig inoculation. On March 20, the animal was 
sacrificed. Evidence of tuberculosis was present in the lymph glands, the liver, the spleen, the lungs, and 
the tracheobronchial lymph nodes. Acid-fast bacilli were demonstrated in these lesions. 

Another biopsy was performed on April 10. By this time the patient had been given streptomycin and 
para-aminosalicylic acid. A guinea pig, injected with some of the biopsy material, was sacrificed eight weeks 
after the biopsy. Acid-fast bacilli again were demonstrated. 


COMMENT 


There can be no doubt of the presence of tuberculosis in this case. The recovery of 
tubercle bacilli from the guinea pig on two separate occasions obviates the chance for any 
technical error in the procedure. The histological appearance of the involved bone was 
confirmatory. 

The patient was not gravely ill at any time, so that the negative reactions to tuber- 
culin cannot be attributed to extreme severity of the tuberculous disease. There was not 
any intercurrent exanthematous disease to mask the tuberculin test. 

Nore: Acknowledgment is made to Dr. Perey K. Telford and Dr. Ralph Miller for their assistance 
in the preparation of this report. 
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SOME CURRENT CONCEPTS ON THE MECHANISM OF CALCIFICATION* 


BY JOHN EAGER HOWARD, M.D., BALTIMORE, MARYLAND 
From the Department of Medicine, The Johns Hopkins University and Hospital, Baltimore 


Bones are living tissues, not inert structures; new bone is constantly being made and old bone resorbed *4. 
The inherent capacity within a cell to make bone has been called by McLean * “osteogenetic potency”. 
Environmental factors of many types cause cells with such potentials to elaborate a matrix in which are 
embedded the lime salts which provide the skeleton with its rigidity. The present communication will attempt 
to review and to correlate certain clinical and experimental data on the mechanisms which bring about 
calcification. It will become apparent that the major result of this effort is to highlight the gaps at present 
existing in our knowledge of calcium and phosphorus metabolism. 


On Tue NATURE AND FUNCTION oF BONE MINERAL 


The rigid scaffolding of bone is composed of minerals, and though not a pure chemical or any single 
chemical individual, there is normally a relative constancy of composition that is striking. From the physical 
chemists and crystallographers, we learn that tertiary calcium phosphate of some kind is the main crystal 
structure and that the basic lattice is of an apatite nature **. Analysis of bone salt discloses—in addition to 
calcium and phosphate—the presence of other constituents, among which are sodium, magnesium, citrate, 
and carbonate. It seems likely that. bone salt is an hydroxy-apatite and that carbonate, sodium, magnesium, 
and citrate are resident on the surfaces of the crystals and are not part of the crystal molecules “5.26, This may 
prove to be an extremely important new concept in offering a partial explanation for the ready availability 
of skeletal calcium in times of need,—a subject which will be discussed later. 


CautciumM HoMEOstTAsIS AND TRANSPORT 


In order for the constant turnover to take place, the principal minerals, calcium and phosphorus, must 
be brought to and from the bones. Such transport is accomplished by the blood stream, extracellular fluids, 
and lymph. Calcium is normally present in the serum in concentration of 9.5 milligrams to 11.5 milligrams 
per 100 cubic centimeters, but about half of this calcium is “‘bound”’ to protein and, hence, is not freely 
diffusible across the normal capillary membrane. Thus the fluid actually bathing the cells contains pre- 
sumably about 5 milligrams calcium per 100 cubic centimeters of serum. The phosphorus of the serum is 
almost all inorganic phosphate, and this is completely diffusible. We have no simple and accurate way of 
measuring the diffusible serum calcium, but McLean and Hastings have devised a chart from which one 
may cornpute the diffusible calcium when the total calcium and total protein values of the serum are known®’, 
However, the albumins, gram for gram, probably “bind” slightly more calcium than do the globulins, which 
are larger molecules. Thus a pathological serum with high total protein, most of which is globulin, might 
bind only as much calcium as would the protein of a normal serum with albumin-globulin ratio of 2:1. An 
example of this is provided by a recent patient with myeloma, whose total serum calcium was 12 milligrams 
per hundred cubic centimeters, total serum protein 12 grams per hundred cubic centimeters, of which the 
globulin was 10.5 grams. When tested, the diffusible calcium proved to be in the normal range 2’, but on the 
McLean-Hastings’s diagram the diffusible calcium would be read as low. Thus, in certain pathological sera, 
the diagram may be misleading. 

The calcium content of the serum is dependent on the balance between how much enters and how 
much leaves the system. Calcium can enter from only two sources: from the intestine, that is, absorption of 
ingested calcium, or resorption from the skeletal stores; for 99 per cent. of the calcium within the body resides 
in the bones and teeth *. Calcium may leave the system by way of the urine, in the stools (being derived 
from intestinal juice calcium which may remain unabsorbed), or it may go into the bones. 

Factors governing absorption from the gut are but vaguely understood. It is not known in what state 
or how calcium crosses the intestinal membranes, but evidence favors the opinion that the absorption occurs 
in the upper intestinal tract, and that the acidity of the medium (intestinal juices) favors absorption. 
The presence of other substances for which calcium has relative affinity—for example, an excess of phos- 
phate ™. 49 (or, of course, oxalate)—reduces calcium absorption. There is reason to believe ¢ that the normal 
adult individual absorbs between 100 and 200 milligrams per day *. It is probable that somewhat greater 
quantities may be absorbed if large moieties of ealcium are ingested as chloride, gluconate, or lactate salts 
in the absence of equivalent quantities of phosphorus **, Vitamin D appears to be a requisite for optimum 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 30, 1951. 

+ It seems logical to suppose that the normal adult is in calcium equilibrium, that is, that what he takes 
in equals that which he puts out. Therefore, absorbed calcium probably equals that which is excreted in the 


urine, which rarely is more than 150 milligrams in twenty-four hours, even though he may drink a quart or 
more of milk. 


VOL. 33-A, NO. 3, JULY 1951 801 








802 J. E. HOWARD 


calcium absorption“, for in vitamin-D deficiency very little is absorbed; and one of the first detectable 
changes after the administration of the vitamin is a rise in calcium absorption ®: °. 

Since so small a proportion of the ingested calcium of our high-calcium American diets gains access 
to the transport system in the normal adult, the bulk of ingested calcium appears in the stools. There is no 
evidence to our knowledge that the large intestine secretes calcium. However, there are many instances 
when the amount of calcium in the stool is greater than the quantity ingested. The combined volume of 
the various digestive juices has been estimated to be more than eight liters per day '*; and since these juices 
are but modified serum transudates, they would contain nearly one-half a gram of calcium. Should this 
calcium not be re-absorbed, due to the presence of excess calcium precipitors such as phosphate, fatty acids 
as in steatorrhoeas, or because of any diarrhoeal state where intestinal motility would be very rapid, the 
losses of calcium from the body by this channel might be very great indeed. 

Factors governing excretion of calcium by the normal kidneys are but vaguely known. If the glomerular 
filtrate (which forms normally at the rate of 100 cubic centimeters per minute or more) contains the diffusible 
fraction of the serum, as seems likely, there would then be presented to the tubules approximately 9 grams of 
calcium per day. Since only 100 milligrams of calcium appear in the urine, more than 99 per cent. must be 
resorbed. Thus very minor variations either in the amount presented or the relative quantity resorbed could 
result in large quantitative differences in the urinary content, and the causative situation would be diffi- 
cult to discern. Acidosis *°, the hormonal abnormality of Cushing’s syndrome ', disuse atrophy of the skele- 
ton " 2°, thyrotoxicosis *, and urinary-tract infection ?: “ are some of the conditions associated with hyper- 
calcinuria, usually without any concomitant elevation of the total serum-calcium concentration.* In experi- 
mental hyperparathyroidism, urinary calcium may increase 100 per cent. without appreciable change in the 
serum-calcium level *. Many patients with a history of urinary lithiasis have been found to excrete excessive 
quantities of calcium in the urine without other abnormal findings ". In all of these conditions, the diffusible 
fraction of the serum calcium may be increased, or there may be some change resulting from the disease 
which lessens tubular resorption. Conversely, during the course of development of vitamin-D deficiency, cal- 
cium diminishes and finally disappears from the urine, before total serum-calcium concentration falls ap- 
preciably °. 

All these factors at play, poorly understood at present, some tending to raise, others tending to lower the 
concentration of calcium in the circulating fluids, must be regulated by an extraordinarily delicate mecha- 
nism of homeostasis. For it is rare to find patients with either hypercalcaemia or hypocalcaemia. 

To return to the skeleton, whatever may be its true chemical and physical nature, the clinician has long 
been aware that some of the calcium present in the skeletal tissues is readily available for mobilization in 
time of need. Starvation does not quickly result in a fall of serum-calcium concentration, despite the fact that 
calcium continues to be discharged in the urine and faeces !*! . Even when a deficient diet is combined with 
lactation, where the demand for calcium is obviously great, the calcium content of neither the milk nor the 
serum usually shows an appreciable fall **. In rats the serum-calcium concentration does fall after prolonged 
low calcium intake *, but Kramer and Howland * found that animals could be carried on such diets for suc- 
ceeding generations before the fall reached extremely low levels. Some of the ion-exchange resins, recently 
introduced into clinical medicine for purposes of dehydrating oedematous persons, prevent absorption of 
calcium as well as other cations, yet the serum-calcium concentration is usually maintained for several 
weeks *3, An individual of average size has less than one gram of calcium in the blood and extracellular fluids 
of his body. In times of great calcium loss, it is readily apparent that tetany would quickly result if the bones 
did not furnish calcium; there is no other source. 

In this connection, an unpublished experiment of Hastings and Huggins * furnishes a graphic example. 
These investigators removed from dogs one half of their blood volume every ten minutes, replacing it with 
blood from which the calcium had been removed with lead phosphate. Hastings calculated that in three hours 
of such treatment, there was removed four times the amount of calcium originally present in the extracellular 
fluids of the dog; and though the serum calcium fell, the observers never saw active tetany in the animals. 
Furthermore, the serum-calcium concentration returned to normal a few hours after the experiment ended. 
There are certain situations, however, in which the bones seem incapable of supporting the serum calcium. 
In some patients with steatorrhoea, even with bones which appear to be of normal density by roentgenogram, 
hypocalcaemic tetany is a constant problem. Other patients with extreme skeletal rarefaction maintain nor- 
mal serum-calcium levels **, This seeming paradox has puzzled us. It has been said that Puerto Ricans rarely 
have rickets and that people with sprue rarely have tetany. We have observed a patient with steatorrhoea 
whose serum calcium rose and whose tetany cleared when daily exposure to Baltimore’s summer sunlight was 
provided. Copp’s experiments with radio-active calcium (Ca) may be pertinent in this connection. He 
found that in young rachitic animals (made rachitic with very low-phosphorus diets but with added vitamin D), 
the skeleton took up the radio-active calcium just as rapidly as did the normal young growing rats, but that it 
was rapidly excreted again, mostly in the urine '. It seemed that Copp’s rachitic rats could take up the cal- 

*It should be recalled that the methods for determining the total serum calcium in common use are 
sensitive only to 0.2 milligrams per 100 cubic centimeters. 

+ This patient was seen with Dr. George W. Thorn, 
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cium but could not incorporate it in the apatite lattice; and thus they were unable to hold it. The role of vita- 
min D in influencing the exchangeability of calcium with skeletal tissues deserves further study. 

The parathyroids must also be a dominant factor in the ability of bones to provide calcium to the extra- 
cellular fluids in time of need. In many animals, including man, removal of these glands is followed by a pre- 
cipitous fall in serum-calcium concentration to tetanic levels. Partial restoration of the serum calcium by 
means of intravenously injected or orally administered calcium salts is of but transient benefit. 

Hastings ** noted that when fresh bone was shaken with serum, the calcium of the serum decreased even 
within ten minutes, though the phosphate remained unaltered. The decrease in calcium equalled the loss of 
carbonate, so that calcium carbonate was being removed and not calcium phosphate. 

All of the above would lead one to believe that the bones normally act as an adjustable compartment for 
calcium storage or release in times of calcium stress. 


MeEcuaNIsMs INVOLVED IN Deposition oF LimE SALTS, EXTRACELLULAR ENVIRONMENT, 
IINZYMES, AND Matrix 


For normal deposition of lime salts to occur in bone and cartilage, there is required an adequate concen- 
tration of calcium and phosphorus in the environment—that is, the extracellular fluid. Suboptimum concen- 
tration of these elements results in rickets or osteomalacia. By suitable dietary measures, rickets may be pro- 
duced in growing animals from too low a concentration of either serum calcium or phosphorus *°, The clinical 
pattern of rickets and the histological picture of uncalcified cartilage matrix, poor and irregular invasion of 
these areas by capillaries, and the uncalcified osteoid borders of the trabeculae of the bones are well known *3, 
Proof that the fault here lies at least partially in the chemical environment is afforded by the fact that the 
cartilage will calcify in vitro when exposed to the sera of normal infants 47. 

The observation that there is an accumulation of glycogen in the maturing cartilage cells adjacent to the 
area where calcification will occur, and the discovery of the presence of phosphatase ” and phosphorylase 2¢ 
in the epiphyseal cartilage induced extensive investigation of these substances in relation to the process of 
calcification but without identification of their exact roles as vet. At a recent conference on the metabolism of 
bone, Gutman summarized our present knowledge of these mechanisms as follows: ‘It is quite evident that 
no system of calcification yet proposed takes into sufficient account the important differences disclosed by 
histological and histochemical study in endochondral calcification, endosteal calcification and periosteal calei- 
fication, nor has any satisfactory mechanism been suggested to explain the complex and diverse actions of the 
various hormones and vitamins”’ !’. 

Some years ago the possibility that certain properties of the matrix might play an important role in the 
mechanism of calcification seemed worthy of study. Histologists have long insisted that under the microscope 
one never sees resorption of lime salt without the concomitant disappearance of the matrix *°, Follis !7 has 
pointed out that wide osteoid surfaces (uncalcified bone matrix) are commonly seen in patients dying from 
chronic renal insutticiency, despite the fact that such patients have high serum phosphorus concentration 
and generally but little lowering of the serum calcium. Likewise in animals poisoned by high doses of vitamin 
D, when both calcium and phosphorus in the serum are elevated, uncalcified osteoid surfaces are frequently 
met 2! 16. The environment seemed suitable for calcification; perhaps the matrix was not. These considerations 
led to the hypothesis that there may be some characteristic property of the normal bone and cartilage ma- 
trices which, in a reasonable environment, require deposition of lime salt and may actually determine the na- 
ture of the apatite complex to be laid down. Some of the studies resulting from this concept, though in a pre- 
liminary stage, have fortified the impression that more knowledge of the nature and evolution of the matrix 
is urgently needed. 

By means of two well known histochemical techniques and fresh-tissue slices, the conclusion was reached 
that there are present (as a group) acid mucopolysaccharides in the matrix of both bone and cartilage *, 
Metachromasia, a purple color, depends upon an alteration in the light absorption of toluidine blue when this 
dye is attached to highly polymerized compounds. The red color of the Schiff reagent (leucofuchsin) depends 
upon the formation of ketone radicals from adjacent hydroxy] groups. It was felt that by the use of these two 
histochemical methods on formalin-fixed and frozen fresh tissues, when the tissues stained positively by both 
techniques, the presence of acid mucopolysaccharides could be identified with assurance. The various known 
substances which can interfere with the specificity of either method alone do not react with both ®. 

Uncalcified cartilage is metachromatic; calcified cartilage is not. Sylvén had previously interpreted this 
fact to mean that metachromatic staining material of the cartilage matrix is removed during the conversion 
to the calcified state. However, when calcified cartilage is treated with 1 per cent. nitric acid for five minutes, 
it becomes highly metachromatic *'. This is interpreted to mean that acidification has removed calcium mole- 
cules from acid radicals, thereby freeing places on which toluidine blue may attach. Thus the metachromatic 
staining material of the matrix had not disappeared when the lime salt deposition occurred. Both uncalcified 
and caleified cartilage matrix stain pink with the periodate fuchsin, but acidification is part of this technique 
(sulphurous acid fuchsin). Rubin feels that the polysaccharide thus identified in cartilage matrix is almost 
certainly chondroitin sulphuric acid, long known to be present in cartilage in high concentration ®. 

In bone, which differs in many respects from cartilage, a similar situation with regard to these histo- 
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chemical reactions was found. Osteoid, that is uncalcified, bone is both metachromatic and stains positively 
with periodic acid fuchsin. Calcified bone is not metachromatic, but becomes so after gentle treatment with 
acid “. Thus there is polysaccharide in calcified bone, too. 

Rubin “ next noted that in the transitional zone of cartilage, prior to calcification, there is seen a charac- 
teristic sharpening and intensification of both these staining reactions. The same intensification appears in 
certain structures about to become bone,—namely, in tendons and ligaments at exactly the places which will 
be converted from fibrous membrane to calcified bone. Furthermore, the areas which have most recently calci- 
fied stain most intensely with periodic acid fuchsin. These observations are interpreted to mean that in the 
region about to calcify there is increased affinity for cations (toluidine blue) and that there are also more ad- 
jacent hydroxy] radicals which are alterable to ketone groups by periodic acid. Either more mucopolysaccha- 
ride (it could be condensed and hence more concentrated) is present at such places just prior to calcification, 
or its chemical state has altered in some way—possibly by depolymerization—to make many more molecules. 

An opportunity was afforded to study the tissues obtained at biopsy from a patient with generalized 
calcinosis. It was found that the calcified lesions contained an organic material metachromatic with toluidine 
blue and strongly positive with the periodic fuchsin technique. The formed elements resembling crystals 
failed to stain with toluidine blue (just as does calcified bone or cartilage). With the von Kossa technique 
(the black in such preparations presumably identifying areas previously occupied by calcium) both the 
amorphous and crystal-like components of the smears were positive. Heating a fresh smear over a flame pro- 
duced first charring, then a white ash. The ash failed to stain with toluidine blue or leuco-fuchsin, but the 
ashing process produced no change in the microscopic appearance of the material as compared with the un- 
stained smears. Decalcification of the original material with 1 per cent. nitric acid produced no recognizable 
change of shape of the material, but the consistency altered from one of gritty hardness to gelatin-like soft- 
ness. The decalcified structure was metachromatic and remained positive with the periodic acid fuchsin stain- 
ing. The conclusion was reached that the calcium salt of calcinosis nodules, previously identified as calcium 
sarbonate and calcium phosphate, essentially similar to that of normal bone ‘, is deposited in an organic 
matrix, and that this matrix contains a mucopolysaccharide “. 

Other types of human calcified tissues were next examined; and it was found that arteriosclerotic 
placque.. calcified pericarditis, and dental tartar all have basic matrices with these same staining properties. 
Calcific renal calculi, with the exception of oxalate stones (this exception having been predicted by Rubin 
and Levine), were likewise found to contain matrix with similar staining properties. Bevelander ’, studying 
the formation of mollusc shells (calcium carbonate), noted a matrix that stained positively to periodic fuchsin 
prior to calcification and that this staining reaction became progressively more intense in the transition from 
the uncalcified to the calcified state *°. These observations suggest that certain tissues, under appropriate 
stimuli, elaborate a mucopolysaccharide-containing matrix which, in the normal extracellular environment, 
may predetermine the laying down of lime salts in a characteristic pattern. A variety of abnormalities could 
interfere with the final calcified product—for example, general nutritive failure would take away the building 
blocks necessary for fibroblastic proliferation and for matrix formation; there might occur specific deficiencies 
which would block a single enzyme system or the multiple enzyme systems necessary for full maturation of 
the calcifiable matrix; or the environment might be reduced in mineral content so as to render calcification 
impossible even with a perfect matrix present. 

The mechanism of production of vicarious calcification—that is, deposition of calcium salts in areas not 
normally calcified—is a subject worthy of some attention. In certain types of degenerating and necrotic 
placques, there seems to be a local stimulus to lay down a calcifiable matrix. Likewise in the disease calcinosis 
there appears to be some alteration in the fibroblasts of the subcutaneous, fascial, and ligamentous tissues, 
resulting in elaboration of an abnormal matrix which calcifies in normal extracellular fluid. The vicarious 

calcification seen when there is hypercalcaemia present, however, seems to be differently initiated. Here the 
excessive concentration of calcium appears to play the important role. One place where vicarious calcifica- 
tion due to hypercalcaemia is easy to observe is in the conjunctival tissue of the eye °°. We have seen this 
phenomenon in patients whose serum calcium was elevated from a variety of diseases—hyperthyroidism, 
poisoning from vitamin D, sarcoidosis, multiple myeloma, general carcinomatosis, and cancer of the lung 
without detectable skeletal involvement. A particularly remarkable feature of this hypercalcaemic caleifica- 
tion is its reversibility; when the cause of the hypercalcaemia can be removed, the eye lesions have been seen 
to disappear completely ®°. The actual nature of the lime salts laid down in such lesions is unknown; they 
merit study by chemical analysis and by x-ray diffraction. Whether these deposits are resorbed by enzymatic 
activity of fibroblasts, as is generally conceded to be the case with bone resorption, is not known. It would be 
of the greatest importance to know whether hypercalcaemia per se alters cells in such a way that they now lay 
down calcifiable matrix (where ordinarily they do not) and to resorb such when the stimulus of hypercal- 
eaemia is removed; or whether the matrix remains unchanged but simply happens to be of such a nature that 
it will caleify in a hypercalcaemic environment. 

The scope of this paper renders it impossible to discuss a variety of other agents and mechanisms which 
may participate in calcification. The factors in serum phosphorus homeostasis are obviously of great im- 
portance and have been only briefly mentioned. Phosphorus takes part in so many metabolic processes that 
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its skeletal participation is difficult to identify from balance experiments. The relation of the sex hormones to 
skeletal metabolism in man is as yet poorly understood. The spectacular effects of estrogens on the calcium 
metabolism of birds and certain amphibia appear to have no counterpart in the human. The role of the blood 
supply in deposition and resorption of skeletal tissues needs further study; the observation of Pearse and 
Morton that venous ligation speeds fracture healing has never been adequately explained. The mechanism 
whereby occurs the rapid rarefaction of bones put at rest or with severed nerve supply, and the osteolysis 
resulting from acidosis *! are not understood. 


There are thus many unanswered problems in this highly complex field of calcium metabolism. It ap- 


pears to be a fertile and profitable one for future investigation. 
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THE EARLY TREATMENT OF HAND INJURIES 


BY STERLING BUNNELL, M.D., SAN FRANCISCO, CALIFORNIA 


The outlook for the injured hand, as to whether it is doomed to disability or will regain useful function, 
depends primarily on the first aid and early definitive treatment rather than upon the care during con- 
valescence. We should be guided, therefore, in this early treatment by an understanding of the causes of 
hand disabilities, so that we may select methods which lead to the restoration of function rather than those 
which will result in crippling. Our appraisal of the methods of early treatment must be factual and based 
on the examinatio and reconstruction of many injured hands, so that we may correlate the outcome with 
the method of early treatment used. 

Let us therefore attack the problem backward, as it were, by starting with a study of the results and 
then checking these with the early treatment. This method of studying in retrospect may be putting the cart 
before the horse, but hindthought may lead to forethought. 


Types or CRIPPLING 

The hand is such a beautifully and accurately constructed organ that it is readily wrecked by trauma 
and the results of trauma. When both prehension and sensation are lost, there is complete crippling. Prehen- 
sion depends upon the ability of the hand to assume the position of function and upon extension and flexion 
of the digits for grasp. Sensation is dependent upon the nerve supply. 

The common types of crippling found are (1) stiffening in the position of non-function, (2) flexion con- 
tractures, (3) skeletal malalignment, (4) loss of motion and sensation from tendon and nerve injuries, (5) 
ischaemic contracture, and (6) trophic disorders. Each of these will be discussed in order. 

The most prevalent crippling results from stiffening of joints in such a position of non-function that the 
digits cannot be brought into opposition to each other. The usual position of deformity in which the hand 
joints stiffen is one of non-function. The wrist is flexed and pronated. The proximal finger joints are straight 
or hyperextended, the arches of the hand are flattened or reversed, and the thumb is at the side and dis- 
placed backward. The distal two finger joints are stiffened either in the claw position or straight. The little 
motion still present in the hand is useless since the digits cannot be opposed to each other or to the palm, and 
prehension is therefore lost. Hand joints stiffen on slight provocation. They are so accurately fitted together 
that, whenever their ligaments become shortened and thickened, motion is diminished or absent. 

When such a deformity is extreme, the hand is congealed, all of its tissues being adherent. When due to 
severe crushing, multiple fractures, or infection, it may be reduced to an immobile insensitive club. Such a 
hand has very poor nutrition due to oedema and lessened blood, lymph, and nerve supply. 

Flexion contractures are frequent sequelae of wounds, infections, and burns. They are due to loss of 
tissue and contracture of scar. Commonly the wrist is drawn into flexion and the digits into the palm. Con- 
tractures may also be on the dorsal or lateral aspects. Flexion contractures may be postural from holding 
the limb in a faulty position until it becomes fixed. Thus the hand, wrist, and elbow may be fixed in de- 
formity or the shoulder cannot be abducted. 

Skeletal malalignment from malunion of fractures or unreduced dislocations upsets the mechanics of the 
joints and tendons, and the nice muscle balance which normally holds the hand in the position of function. 
Thus an angulation in the course of a limb upsets this balance, causing deformities from the point of angula- 
tion distally. Angulation may thus rob a digit of flexion or extension, or may alter its function. Projecting 
bone ends may cause adhesions to tendons, stopping motion. Errors of rotation cause fingers to cross or 
diverge on flexion. 

Loss of motion may be due to inability to actively flex or extend because of nerve, muscle, or tendon 
injury or to hindrance of passive flexion or extension due to contraction, shortening, or adhesions in and 
about joints, capsules, tendons, or muscles. Sensory loss may be from nerve injury or lessened vascularity. 

From injuries to the brachial plexus, arm nerves, and main vessels, a hand may also be crippled beyond 
use. There may be atrophy, fibrosis, poor nutrition, and stiffening in the position of non-function with loss 
of motion and sensation. Hands partially paralyzed show deformity of wrist and digits from muscle im- 
balance. 

Ischaemic contracture of the Volkmann type results in lowered nutrition, associated with impaired blood, 
lymph, and nerve supply and produces shortening and fibrosis of the muscles in the forearm. The local type 
of ischaemic contracture in the hand results in fibrous contractures of the intrinsic muscles. The proximal 
finger joints are then held flexed and the distal two finger joints straight. The thumb is flexed and adducted 
into the palm, the hand assuming the position taken when entering a sleeve. The fingers are then unable 
to open for grasp. 

Trophic disorders consist of Sudeck’s atrophy, causalgia, and various other vasomotor aberrations result- 
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ing in lowered nutrition, pain, lessened motion, and fixation in poor position. Long-continued pain, whether 
the result of trauma or of instability of the vasomotor system, so inhibits motion that these dystrophies may 
result. 

Thus may be summarized the usual types of crippling found. It is important that we understand how 
these types of crippling are produced and how they can be prevented. Prevention lies in the selection of 
proper methods of early treatment and in avoiding subsequently the pitfalls that lead to crippling. 


PRODUCTION AND PREVENTION OF CRIPPLING 


Stiffening in the Position of Non-Function 

This most prevalent type of crippling is due to three main factors,—swelling, immobilization, and allow- 
ing the hand to remain in the position of non-function. When this vicious triumvirate is allowed to persist, 
all tissues, not only the movable parts, but also the cells themselves, become glued together by fibrin which 
precipitates from the protein-rich oedema fluid. Soon blood vessels and connective tissue grow in and the 
part becomes organized and congealed. Joints and tendons are especially affected. Their sliding surfaces 
and folds seal together, and the ligaments of these accurately fitting joints become so short and thick that 
the joints cannot move. 


Factor of Immobility 

The hand which is swollen and motionless becomes stiff. Hands need mobility to thrive. Even without 
swelling, they stiffen if kept immobilized too long. Activity of the parts pumps away the stagnant oedema 
fluids, thus breaking the vicious circle. Prevention of swelling and immobility is a ‘‘must” in the treat- 
ment of hands. It should be always uppermost in the surgeon’s mind when treating wounds, fractures, or 
infections. The fractured part must be immobilized, but the remainder of the hand should be kept moving. 
To splint the whole hand, as over a roll of bandage or a ball, prevents the uninjured digits from moving. 
An infected or burned part must be immobilized, but movement should be started as soon as the acute stage 
is over. Plaster casts and splints should not include any joint which does not specifically need immobilization 
and should not be left on any longer than is necessary. 


Factor of Position of Non-Function 

Why do most injured or paralyzed hands stiffen in the position of non-function? Normally, due to the 
nice balance of the long flexors, long extensors, and the intrinsic muscles, the hand assumes the position of 
function as in grasping a ball. The wrist is dorsiflexed about 30 degrees, and the proximal and other finger 
joints are in moderate flexion. The metacarpals form an arch, and the thumb is in moderate opposition. 

When the hand is sick, it is held with the wrist flexed or dropped to fit around the curve of the body 
as for protection. This flexing of the wrist tightens the extensor tendons, thus cocking back the proximal 
finger joints, drawing the thumb to the side and back, and flattening the metacarpal arch. When the fingers 
and thumb are cocked back, the long flexors automatically draw the distal joints into flexion, thus com- 
pleting the position of non-function. In the sick hand, the muscles shorten, thus accentuating the effect of 
posture on the muscle balance. The muscles are still in balance, but the position is that of non-function 
and the digits are useless for prehension. 

On analysis it is seen that the wrist is the key joint of the hand, and the proximal finger joints the key 
joints of the fingers. When the wrist is dorsiflexed, the hand assumes the position of function. When the 
metacarpophalangeal joints are flexed, the fingers ‘‘unclaw”. The position of non-function is preventable 
by proper immobilization of these two key joints,—that is, by keeping the wrist in moderate dorsiflexion 
and the metacarpophalangeal joints in moderate flexion. When the wrist is dorsiflexed, the metacarpopha- 
langeal joints will flex and the thumb will oppose. If deformities are already present, these should be cor- 
rected by elastic splinting. 

In the position of non-function, the hand is useless, for the digits cannot work against each other. As 
soon as the joints are elastically drawn around to the position of function, what little motion is present will 
be useful, for objects may be picked up. The hand will then be used and, as the result of use, it will improve. 

If the wrong position is already present, the two key joints should be corrected by spring or elastic 
splints. A cock-up splint may be used for the wrist either with an extension to flex the proximal finger joints 
or in conjunction with a knuckle-bender splint. 

When casts are applied, the wrist should be dorsiflexed, not straight or flexed, and the cast should end 
at the distal flexion crease in the palm, not the plica, to allow full flexion of the proximal finger joints. Except 
for some specific purpose, it should never extend over the fingers,—that is, past the distal flexion crease in 
the palm; and it should be cut out over the thenar eminence for free opposition of the thumb. 


Infection 

Infection is a great wrecker of hands. It is accompanied by swelling and immobility and leads to stiffen- 
ing in the position of non-function if not prevented. It may also result in the sloughing of tendons, muscles, 
and nerves, as well as osteomyelitis, joint destruction, and finally flexion contracture. 
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The prevention of these is by operating on the wound early—the earlier the better. This may be done 
in a few selected wounds as late as twenty-four hours after injury but never later. Preferably it should be 
done in from one to eight hours after the injury. The wound should be debrided and any loose fragments 
of bone removed. It is thus converted into a clean wound and is closed against further infection from with- 
out. Most wounds are contaminated with rather non-virulent germs and heal primarily if given the op- 
portunity. 

Secondary infection results from mouth spray and contamination from human sources, due to lack of 
asepsis. Masks, gowns, and adequate operating-room facilities should be used in the early treatment of 
wounds. Débridement and surgical repair should be done in a bloodless field by using a pneumatic tourniquet. 
Finally a voluminous fluff pressure dressing should be applied to control swelling and hemorrhage. 

Wounds should be closed primarily, if possible, by covering over all vulnerable tissue which cannot 
live when exposed. The patient is thus spared osteomyelitis, infected joints, sloughing tendons, muscles, and 
nerves, with resulting contractures and crippling. 

Cover may be obtained as follows: The wound may be closed by suture, using a relaxing incision if 
necessary or, if there is a good bed, by skin-grafting. A skin flap from the adjoining area may be swung to 
cover the vulnerable parts and a skin graft used to cover the area so denuded. Sometimes by filleting a 
damaged finger, its skin can be laid over the wound. If these methods are not available, an immediate ab- 
dominal pedicle of skin may be applied. Thanks to antibiotics, this is now possible unless the wound is too 
crushed and dirty or results from explosives. Even in these, after débridement only, the vulnerable parts 
may be covered over and the wound closed secondarily by a pedicle in five to ten days. When wounds are 
promptly closed, stiffness of the hand is avoided. If a wound in the hand is left open for long or if the under- 
surface of the pedicle is left raw, stiffening results. 

Flexion contracture results from infected wounds which remain open or may follow burns. Some con- 
tractures are due to the position in which the hands are immobilized and some are from ischaemic con- 
tracture of muscles. Infection should be avoided or, barring this, terminated promptly, and wounds should 
be closed as early as possible. Contracting tissue is the last stage of granulation; this is particularly true 
of burns. It is the deep white layer which is the contracted scar from the granulations, and it is this which 
shrinks, drawing the limb into deformities. Therefore, a burn should not only be skin-grafted early, on or 
about the eighteenth day or sooner, but the bed of the granulations should be first scraped off with the 
back of a scalpel. This is done, using a tourniquet, and after the larger vessels have been ligated, a pres- 
sure dressing is applied for hemostasis. Pressure dressings in burns keep the granulations down and radical 
early treatment prevents deformities. Contractures from infections with sloughing will need later replace- 
ment by pedicle skin grafts. 

A frequent postural deformity following hand injuries is lack of ability to raise the arm at the shoulder. 
This deformity is due to keeping the arm constantly at the side for two or three months, until the muscles 
and ligaments abuut the joint have contracted. Prevention is by early recognition and raising the arm 
frequently. A cure may be effected by gradually stretching the arm up in abduction or using a rope and 
overhead pulley, each arm drawing the other up. Many postural deformities result from splints or casts 
which held the hand flat with the thumb at the side, and from casts which are prolonged over the fingers so 
that their proximal joints cannot flex. Here the collateral ligaments become so short and thick that flexion is 
impossible. 

Skeletal malalignment should be recognized and corrected early, avoiding the necessity-of correction 
by osteotomy later. Not much traction is needed for fractures of the metacarpals and phalanges. However, 
enough must be used to hold them in proper alignment. The pull must be applied with the finger held semi- 
flexed in the position of function, never straight out as by a banjo splint. This cocks the bones out of align- 
ment and stiffens the fingers. 

Traction by adhesive plaster on skin is generally sufficient, but pulp traction is sometimes used. Care 
must be taken to avoid distraction with resulting non-union. Skeletal traction is rarely necessary except 
for Bennett’s fracture, and here pinning with Kirschner wire is simple and effective. Rotatory malunion of 
the digits is avoided by checking to see that the plane of motion of the finger passes through the navicular 
tubercle and by observing the plane of the surface of the nail. Stiffening of adjoining fingers is avoided by 
splinting only the injured one on a curved outrigger from a cast over the hand and forearm and by keeping 
the other digits moving. 

As stated above, casts must hold the wrist in dorsiflexion. They must respect the carpal arch, and 
terminate at the distal flexion and thenar creases in the palm, so that the proximal digital joints are free 
to flex. All uninjured parts must be kept moving. For metacarpal fractures, temporary pinning with Kirsch- 
ner wires cut off beneath the skin to avoid infection is an excellent method. The hand does not become 
stiff because it is free from a cast. 

The next type of crippling, namely loss of motion from injury to tendons and nerves, is best prevented by 
repairing the various structures early,—that is, within a few hours—and establishing good cover. Success 
is dependent on obtaining primary healing of the wound. In only selected clean-cut wounds can tendons be 
repaired within, but never after, twenty-four hours. Most such injuries should be repaired within one to 
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eight hours. Never should repair of tendons or deep structures be undertaken in badly contaminated, dirt- 
ground, or explosive wounds, or if serious infection is likely. The use of flexible, twisted, stainless-steel wire 
or removable wire for tendons, and the avoidance of dead spaces, hematomata, and buried sutures—espe- 
cially of catgut—give the best conditions for healing. Only the simplest and minimum of suturing is used. 
For extensor tendons, a simple figure-of-eight suture is placed through the skin and tendon, in the hope that 
splinting will prevent pulling apart. There are many more principles and details that a surgeon must master 
before he will obtain good results in repairing tendons of the hand, and these can be gained only by study 
and application. 


Injury to Nerves 

Unless a surgeon is especially skilled in the suture of nerves, it is best merely to unite the two nerve 
ends with one stainless-steel wire. This prevents retraction of nerve ends, thus facilitating secondary suture. 
Primary nerve sutures as usually done frequently demand secondary accurate suturing under the best of 
surgical conditions. When, however, a primary nerve suture is done expertly, the regeneration is sooner 
and better than after a later repair. 

Injuries to the nerves within the hand are important, for the hand is a sense organ, and for motions of 
skill the motor branches of the median and ulnar nerves are necessary. In débridement, care should be taken 
to spare all of these. The nerves are amply large for repair, and excellent. recovery follows. 

Injury of the nerves in the arm or brachial plexus cripples a hand as much as injury to the hand itself. 
The fate of the hand, which is the all-important part of the arm, is so dependent upon these nerves that 
their repair should take precedence over that of the bones and joints. Too often when this is not done, the 
paralyzed muscles and distal portions of the nerves undergo such irriversible fibrous atrophy that restoration 
of function is impossible. The sooner a nerve is repaired, the better, for the degeneration is progressive. 
After two years it is too late to restore motor function. 

A hand paralyzed from arm injury needs to be kept mobile and in the position of function, or it becomes 
a useless shrunken claw in a position of non-function. Gentle physiotherapy is needed, as well as a light 
splint to substitute for the paralyzed muscles with just enough elastic force to balance the hand in the 
position of function. This exercises the hand and prevents the unopposed strong muscles from overstretching 
the paralyzed ones, thereby pulling the limb into deformity. The patient should be made to move his para- 
lyzed hand and keep it in position by manipulating it with his other hand. 

Painful neuromata may be avoided by preventing the scar tissue, which results from crushing wounds 
or infection, from forming around nerve ends. Thus amputation should be done in a clean field, and the 
nerve end placed in good tissue away from trauma. 

Ischaemic contracture is preventable by guarding against circulatory interference. This should be watched 
for, especially in the anticubital space and after supracondylar fractures. Pressure or constriction here shuts 
off venous return, causing the limb to swell and be tight in a cast. Prompt decompression of the fascial 
compartment in the forearm and freeing of the vessels at the elbow will abort the process; early sympa- 
thectomy helps. The other type of ischaemic contracture,—that is, local in the hand, results from circulatory 
disturbance in the arm and from direct pressure on the clumped hand enclosed in a tight cast. The thenar 
and other intrinsic muscles become tibrosed and contracted. Even the use of excessive pressure in the treat- 
ment of burns may cause this. 

Painful hands from aberrations of the vasomotor nervous system are best prevented by early recognition 
of the tendency in certain patients. These patients should not be treated over-sympathetically but encour- 
aged to use their hands early and as long every day as possible in occupational therapy. They should be 
treated as workers instead of invalids so that such complications as Sudeck’s atrophy or the tendency toward 
causalgia may be avoided. 

SUMMARY 

For first aid the wound is covered by a sterile dressing and the patient taken to a well-equipped surgery 
where the definitive treatment is done under the best aseptic surgical conditions. 

A careful examination and diagnosis of the injured structures is made. A plan of reconstruction is then 
decided upon. Consideration is given to the patient, his work, and his outlook. At this first treatment, digits 
may even be made to oppose each other for practical prehension and a plan of cover may be provided. One 
should consider what is left of the hand and the best way to preserve it and utilize it for prehension and 
sensation. Early treatment is merely the acute phase of plastic, orthopaedic, and peripheral-nerve surgery, 
all of which are needed for hand surgery. 

The surrounding parts are shaved, washed with soap and water, and the wound is thoroughly irrigated 
with normal salt solution. Aseptic precautions are taken not to contaminate the wound with virulent germs 
from mouth and nose droplets or other contacts. The field is rendered bloodless by a pneumatic tourniquet, 
and the wound is debrided with as little trauma as possible. All usable parts are saved, particularly the nerves 
and tendons. Fractured bones are set, digits are placed in a position of function, and the skin cover is applied. 
Maximal length of the thumb is saved, and good workable cover is provided to the digital stumps. If a digit 
is discarded, its skin with vessels and nerves may be utilized for cover. 
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At first the damage is solely from the injury, but later there may be many complications, such as 
stiffened joints in the position of non-function and the others of the six main types of crippling already 
described in detail. These may be superimposed on the injury, but are directly due to the treatment. 

Stiffening may be prevented by affording cover early, with the use of even a pedicle graft if necessary, 
by preventing infection, and by avoiding swelling and maintaining activity. 

The available measures to prevent infection are early operation, early covering of all vulnerable parts 
with skin, the use of antibiotics, and refraining from attempting repair of deep structures where the wound 
is too old or too much traumatized. 

Swelling can be avoided by elevation, fluff pressure dressings, and activity of the hand, exercising as 
much of it as possible and as early as possible, until the return to work. 

Flexion contractures are avoided by preventing infection, establishing cover early, avoiding excess of 
granulations, and maintaining the position of function. 

The latter is maintained by attention to the key joints, keeping the wrist in dorsiflexion, the proximal 
finger joints in flexion, the metacarpal arch curved, and the thumb in moderate opposition. Elastic splints 
may be used to change the deformed hand to one in the position of function. 

Malalignment of bones is prevented by setting fractures and reducing dislocations early. Motion is 
preserved by repairing muscles and tendons early, whenever conditions permit, but never late in wounds 
or in traumatized tissue. Paralysis and loss of sensation are guarded against by recognizing early that nerves 
are injured and repairing them as soon as the conditions are right. The repair is usually done temporarily 
by merely securing the nerve ends together with one stitch of stainless-steel wire; secondary careful repair 
is done later. It is important that nerve repair be given priority over that of bones and joints, or fibrous 
degeneration of muscles and nerves will become irreversible. 

Ischaemic contractures are avoided by not constricting the forearm and hand with dressings or casts, 
especially in the anticubital space and over the hand itself. A developing contracture may be aborted by 
prompt decompression and freeing the vessels. 

Vasomotor disturbances are prevented by early recognition of the condition and by insisting on activity 
and the performance of work by the involved hands. 

On reviewing these six main types of crippling and their mechanism of production, it is seen that much 
of the disability from injured hands can be prevented. 
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Applications for the 1952 Part II examinations of The American Board of Orthopaedic Surgery 
should be made before August 15, 1951, to the Secretary, Dr. Harold A. Sofield, 122 South Michigan 
Avenue, Chicago 3, Illinois. 





Dr. O. L. Miller, after an absence from his office due to impaired health, has resumed practice with 
his associates of The Miller Orthopaedic Clinic, 123 West Seventh Street, Charlotte, North Carolina. 


The Seventy-ninth Annual Meeting of the American Public Health Association, the Eighteenth 
Annual Meeting of its Western Branch, and the annual meetings of thirty-eight related organizations will 
be held simultaneously in San Francisco, October 29 to November 2, with headquarters at the Civic Audi- 
torium. Further information may be obtained from Dr. Reginald M. Atwater, Executive Secretary of the 
Association, 1790 Broadway, New York 11, N. Y. 


Announcement is made of the formation of the Sociedad Portuguesa de Ortopedia, with the following 
executive committee: 
President: Dr. F. Pinto de Miranda 
Vice-President: Dr. Abel da Cunha 
Secretary: Dr. Antonio de Meneses 
Treasurer: Dr. José Botelheiro 
The address of the secretary is Rua Tenente Raul Cascais 11 A, Lisbon, Portugal. 


The Washington Orthopaedic Club, of which Dr. William J. Tobin is President, plans to dedicate 
one of its meetings each year to the memory of a deceased member. The plan was inaugurated this year 
by the presentation of the Guy W. Leadbetter Memorial Lecture. Dr. Leadbetter was a founder of the Club 
and did much for the specialty. 

The lecturer was Dr. Philip D. Wilson, Surgeon-in-Chief of the Hospital for Special Surgery, New York, 
who spoke on “Fractures of the Neck of the Femur and Their Complications’”’. 


The Fifth Congress of the Pan-Pacific Surgical Association will be held in Honolulu from November 
10 to 21, 1951, under the presidency of Dr. F. J. Pinkerton. 

The object of the Pan-Pacific Surgical Association is to bring together surgeons from countries border- 
ing on the Pacific Ocean in order to permit the exchange of ideas and methods and to develop a spirit of 
good fellowship among the various races represented. Although it was originally planned to hold meetings 
every three years, world events have permitted but four conferences since the establishment of the organi- 
zation,—the first in 1929 and the last in 1948. 

Further information may be obtained by writing to the Pan-Pacific Surgical Association office, Suite 7, 
Young Building, Honolulu, Territory of Hawaii. 


The New Jersey Orthopaedic Society offers an award of $100 for the best paper written on an ortho- 
paedic or a closely related subject by a resident or intern in the State of New Jersey. The paper selected 
will be read by the author at the Spring Meeting of the New Jersey Orthopaedic Society in 1952. 

Papers must be submitted to the Secretary of the New Jersey Orthopaedic Society, Dr. Philip Willner, 
852 South 11th Street, Newark 8, New Jersey, on or before January 15, 1952. 





The Second European Congress of Rheumatology of La Ligue Europeenne contre le Rhumatisme, 
planned by the host society La Sociedad Espatiola de Reumatismo, will be held in Barcelona, Spain, September 
24 to 27, 1951. All doctors interested in the treatment of rheumatism are invited to attend. 

Requests for further information about the Congress should be sent to Dr. C. Alegre-Marcet, Via 
Layetana, 102, Barcelona, Spain. Registration should be made before August 15, 1951. 
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THE KAPPA DELTA AWARD FOR RESEARCH IN ORTHOPAEDIC SURGERY 


A prize of $1,000, donated by the Kappa Delta Sorority, may be awarded annually by The American 
Academy of Orthopaedic Surgeons for the best research related to orthopaedic surgery done in the United 
States of America. This work must be presented to the Committee on Scientific Investigation of The Ameri- 
can Academy of Orthopaedic Surgeons before November 1, 1951. Men doing research who are interested 
in competing for this prize are requested to secure further information from Dr. Austin T. Moore, Chairman 
of the Award Committee for 1951, Gervais and Pickens Streets, Columbia 5, South Carolina. 





PLASTIC SURGERY AWARDS—1951 


The Foundation of the American Society of Plastic and Reconstructive Surgery offers Junior 
and Senior Awards for original contributions in Plastic Surgery. 

Junior Award: Two scholarships are given in plastic surgery for six and three months, respectively. 
The contest is open to plastic surgeons in the specialty not longer than five years. 

Senior Award: For the best essay on ‘‘Mass Treatment of Burns in Atomic Warfare’. 

The winning essays will appear on the program of the forthcoming Annual Meeting of the American 
Society of Plastic and Reconstructive Surgery to be held at Colorado Springs, Colorado, from October 31 
to November 2, 1951. 

All entries must be received by the Chairman not later than August 15, 1951. For full particulars 
write to: The Award Committee, c/o Jacques W. Maliniac, M.D., 11 East 68th Street, New York 21, N. Y. 


The Ohio Orthopaedic Society held its Annual Meeting in Toledo, Ohio, on April 13 and 14, 1951, 
under the presidency of Dr. Albert L. Bershon, at St. Vincent’s Hospital. 
The program included the following papers: 
Management of Bony Metastasis: Dr. C. E. Hufford, Dr. F. C. Curtzwiler, Dr. Ulrich, and Dr. 
8. Asahina. 
Elephantiasis of Lower Extremity: Dr. J. Gosman. 
Chordoma of Cervical Spine: Dr. M. Schnitker, Dr. Booth, and Dr. Hopple. 
Diaphyseal Aclasia with Paraplegia: Dr. M. Schnitker, Dr. Booth, and Dr. Hopple. 
Tendon Transplants in Lead Palsy: Dr. J. Kelleher. 
Unusual Knee Arthrotomy Findings: Dr. J. W. Millis. 
Tumor of Shoulder Joint. Surgical Excision: Dr. T. H. Brown and Dr. N. T. Barnes. 
Chondroma of Astragalus: Dr. T. H. Brown and Dr. N. T. Barnes. 
Discussion of the Ohio Indemnity Plan: Dr. ©. Mundy. 
A Case of Hip Trauma: Dr. J. Pollex. 
The Problem of Trimalleolar Fractures: Dr. J. Pollex. 
Demonstration of Fracture Cases: Dr. Sheib and Dr. Skopek. 
Bone Tumors: Dr. Sheib and Dr. Skopek. 
Problems in Surgery of the Hip: Dr. A. L. Bershon. 
Severe Shoulder Injury: Dr. N. Hein. 
Arthroplasty of the Hip: Dr. Hawkins and Dr. Young. 
Early Epiphyseal Closure at the Elbow: Dr. Hawkins and Dr. Young. 


THE AMERICAN ORTHOPAEDIC ASSOCIATION 


The Sixty-fourth Annual Meeting of The American Orthopaedic Association was held at The Greenbrier, 
White Sulphur Springs, West Virginia, on June 20, 21, 22, and 23, 1951, under the presidency of Dr. James 
8. Speed. 

The Program Committee, Dr. John Royal Moore, Chairman, provided the following interesting scien- 
tific program 

WEDNESDAY, JUNE 20 
Afternoon Session 
The Inorganic Component of Bone as Demonstrated by the Electron Microscope. 
Robert A. Robinson, M.D., Rochester, New York (by invitation). 
Discussion: Robert W. Johnson, M.D., Baltimore, Maryland; 
Joseph 8. Barr, M.D., Boston, Massachusetts. 
A Comparative Study of Bone-Grafting Materials. 
Robert D. Ray, M.D., Seattle, Washington (by invitation). 
Discussion: Edwin F,. Cave, M.D., Boston, Massachusetts; 
J. Albert Key, M.D., St. Louis, Missouri. 
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Treatment of Non-Union in Compound Fractures with Infection. 
Mather Cleveland, M.D., New York, N. Y.; 
Edward M. Winant, M.D., New York, N. Y. (by invitation). 
Discussion: LeRoy C. Abbott, M.D. (read by Frederic C. Bost, M.D.), San Francisco, Cali- 
fornia; 
Frank Stinchfield, M.D., New York, N. Y.; 
John L. McDonald, M.D., Toronto, Ontario, Canada; 
Charles W. Peabody, M.D., Detroit, Michigan; 
Leo Mayer, M.D., New York, N. Y. 
Pedicle Bone Graft in Congenital Pseudarthrosis. 
A. W. Farmer, M.D., Toronto, Ontario, Canada. 
Discussion: Arthur B. LeMesurier, M.D., Toronto, Ontario, Canada; 
John R. Moore, M.D., Philadelphia, Pennsylvania; 
I. William Nachlas, M.D., Baltimore, Maryland. 
End-Result Study of the Surgical Treatment of Perthes Disease. 
Paul B. Steele, M.D., Pittsburgh, Pennsylvania. 
Discussion: A Bruce Gill, M.D., Philadelphia, Pennsylvania; 
William T. Green, M.D., Boston, Massachusetts; 
R. M. Wansbrough, M.D., Toronto, Ontario, Canada; 
John A. Heberling, M.D., Pittsburgh, Pennsylvania. 


Tuurspbay, JUNE 21 
Morning Session 
Effect of Cortisone on the Healing of Experimental Fractures. 
J. Albert Key, M.D., St. Louis, Missouri; 
R. Odell, M.D., St. Louis, Missouri (by invitation); 
Lloyd Taylor, M.D., St. Louis, Missouri (by itivitation). 
Discussion: Carl E. Badgley, M.D., Ann Arbor, Michigan; 
Keene O. Haldeman, M.D., San Francisco, California; 
Philip D. Wilson, M.D., New York, N. Y.; 
Edgar M. Bick, M.D., New York, N. Y. 
Experimental Studies in Transplantation of Whole Joints. 
Charles H. Herndon, M.D., Cleveland, Ohio (by invitation). 
Discussion: Philip D. Wilson, M.D., New York, N. Y.; 
Clarence H. Heyman, M.D., Cleveland, Ohio; 
Francis M. McKeever, M.D., Los Angeles, California; 
J. Albert Key, M.D., St. Louis, Missouri. 
Stenosing Tenosynovitis—A Simplified Surgical Management. 
Walter C. Graham, M.D., Santa Barbara, California. 
Discussion: Jesse T. Nicholson, M.D., Philadelphia, Pennsylvania; 
Leo Mayer, M.D., New York, N. Y.; 
Joseph A. Freiberg, M.D., Cincinnati, Ohio; 
J. Vernon Luck, M.D., Los Angeles, California; 
Sterling Bunnell, M.D., San Francisco, California. 
Recurrent Dislocation of the Patella. 
Ian Macnab, M.D., Toronto, Ontario, Canada (by invitation). 
Discussion: Fremont A. Chandler, M.D., Chicago, Illinois; 
John L. McDonald, M.D., Toronto, Ontario, Canada; 
Charles W. Peabody, M.D., Detroit, Michigan; 
J. Albert Key, M.D., St. Louis, Missouri; 
i. B. Mumford, M.D., Indianapolis, Indiana. 
Sarcomata of the Soft Somatic Tissues. 
George T. Pack, M.D., New York, N. Y. (by invitation). 
Periarticular Calcification following Poliomyelitis. 
Joseph A. Freiberg, M.D., Cincinnati, Ohio. 
Discussion: Wallace H. Cole, M.D., Minneapolis, Minnesota; 
J. Warren White, M.D., Honolulu, Hawaii; 
Edward L. Compere, M.D., Chicago, Illinois. 
Replacement Reconstruction of the Hip. 
Harold R. Bohlman, M.D., Baltimore, Maryland (by invitation). 
Discussion: Leonard T. Peterson, M.D., Washington, D. C.; 
Walter P. Blount, M.D., Milwaukee, Wisconsin; 
Dallas B. Phemister, M.D., Chicago, Illinois. 
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Fripay, JUNE 22 
Morning Session 
Treatment of Congenital Dislocation of the Hip by Colonna Type of Arthroplasty. 
Frederic C. Bost, M.D., San Francisco, California; 
Edwin R. Schoffstedt, M.D., San Francisco, California (by invitation) ; 
Loren J. Larsen, M.D., San Francisco, California (by invitation). 
Discussion: Paul C. Colonna, M.D., Philadelphia, Pennsylvania; 
H. Relton McCarroll, M.D., St. Louis, Missouri; 
Walter P. Blount, M.D., Milwaukee, Wisconsin; 
Willis K. West, M.D., Oklahoma City, Oklahoma. 
Some Histophysiological Problems Peculiar to Calcified Tissues. 
Arthur W. Ham, M.D., Toronto, Ontario, Canada (by invitation). 
The Present Status of Surgery in Rheumatoid Arthritis with Special Reference to Experience with 
Cortisone. 
William H. Bickel, M.D., Rochester, Minnesota; 
Ralph K. Ghormley, M.D., Rochester, Minnesota. 
Discussion: G. E. Haggart, M.D., Boston, Massachusetts; 
J. Vernon Luck, M.D., Los Angeles, California; 
Robert W. Johnson, M.D., Baltimore, Maryland. 
Presidential Address. 
James 8. Speed, M.D., Memphis, Tennessee. 


SATURDAY, JUNE 23 
Morning Session 
The Normal Osteohistology of the Senescent Vertebra. 
Edgar M. Bick, M.D., New York, N. Y.; 
Joseph Copel, M.D., Boston, Massachusetts (by invitation). 
Discussion: Arthur Steindler, M.D., Iowa City, Iowa. 
Iliopsoas Transfer for Hip Abductor Weakness. 
W. T. Mustard, M.D., Toronto, Ontario, Canada (by invitation). 
Discussion: Edward L. Compere, M.D., Chicago, Illinois; 
Charles W. Peabody, M.D., Detroit, Michigan; 
Leo Mayer, M.D., New York, N. Y.; 
J. Albert Key, M.D., St. Louis, Missouri; 
Beckett Howorth, M.D., New York, N. Y.; 
George J. Garceau, M.D., Indianapolis, Indiana. 
Symposium: Streptomycin in Bone and Joint Tuberculosis. 
David M. Bosworth, M.D., New York, N. Y.; 
F. P. Dewar, M.D., Toronto, Ontario, Canada (by invitation). 
H. F. Coulthard, M.D., Toronto, Ontario, Canada (by invitation) ; 
I. T. Evans, M.D., Minneapolis, Minnesota (by invitation) ; 
Philip Moore, M.D., Mt. Edgecumbe, Alaska (by invitation). 
Discussion: Ralph K. Ghormley, M.D., Rochester, Minnesota; 
Alan DeForest Smith, M.D., New York, N. Y.; 
J. Albert Key, M.D., St. Louis, Missouri. 
Arthroplasty of the Elbow. 


Robert A. Knight, M.D., Memphis, Tennessee (by invitation) ; 
I. L. Van Zandt, M.D., Memphis, Tennessee (by invitation). 


Discussion: George E. Bennett, M.D., Baltimore, Maryland; 
Leo S. Lucas, M.D., Portland, Oregon. 
Charles R. Rountree, M.D., Oklahoma City, Oklahoma; 
Jesse T. Nicholson, M.D., Philadelphia, Pennsylvania; 
Philip D. Wilson, M.D., New York, N. Y. 
Report of Joint Committee on Military Affairs. 
Edward T. Evans, M.D., Minneapolis, Minnesota. 
There were Executive Sessions on Wednesday at 1:00 P.M. and on Saturday at noon. The Annual 
Banquet was held Friday evening. 
Dr. Fremont A. Chandler, of Chicago, is President for the year 1951-1952. 
At the Executive Session on Saturday the following officers, members of committees, and delegates were 
elected: 
Officers 
President-Elect: James A. Dickson, M.D., Cleveland, Ohio. 
Vice-President: Harold H. Hitchcock, M.D., Oakland, California. 
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Secretary: C. Leslie Mitchell, M.D., Detroit, Michigan. 
Assistant Secretary: George O. Eaton, M.D., Baltimore, Maryland. 
Treasurer: H. Page Mauck, M.D., Richmond, Virginia. 
Committee Members 
Membership Committee: Edwin F. Cave, M.D., Boston, Massachusetts. 
Program Committee: T. Campbell Thompson, M.D., New York, N. Y. 
Research Committee: I. William Nachlas, M.D., Baltimore, Maryland. 
Delegate to the American College of Surgeons 
Philip D. Wilson, M.D., New York, N. Y. 
Representatives on The American Board of Orthopaedic Surgery 
Paul C. Colonna, M.D., Philadelphia, Pennsylvania. 
George J. Garceau, M.D., Indianapolis, Indiana. 
The following members were elected: 
Honorary Members 
Sterling Bunnell, M.D., San Francisco, California. 
John B. deC. M. Saunders, M.B., San Francisco, California. 
Corresponding Members 
Sten Friberg, M.D., Stockholm, Sweden. 
H. Osmond-Clarke, F.R.C.S., London, England. 
Active Members 
Otto E. Aufranec, M.D., Boston, Massachusetts; 
George W. N. Eggers, M.D., Galveston, Texas; 
C. Fred Ferciot, M.D., Lincoln, Nebraska; 
Julian E. Jacobs, M.D., Charlotte, North Carolina; 
Emanuel B. Kaplan, M.D., New York, N. Y.; 
Claude N. Lambert, M.D., Chicago, Illinois; 
Carroll B. Larson, M.D., Iowa City, Iowa; 
Don H. O’Donoghue, M.D., Oklahoma City, Oklahoma; 
Charles N. Pease, M.D., Chicago, Illinois; 
Fred C. Reynolds, M.D., St. Louis, Missouri; 
Francis E. West, M.D., San Diego, California; 
Edward M. Winant, M.D., New York, N. Y. 


The meeting next year will be a joint meeting with The British Orthopaedic Association and will be held 
in London, June 30, July 1 to 4, 1952. 


The Fifty-eighth Annual Convention of the Association of Military Surgeons of the United States 
will be held at the Palmer House in Chicago, October 8 to 10. Members of allied medical services such as nurs- 
ing, dentistry, veterinary medicine, women’s medical specialty corps, and medical service corps, as well as 
physicians, will participate in the sessions. Advances in military medicine since World War II, and current 
problems arising out of the critical world situation and the Korean conflict, will be discussed. Col. James M. 
Phalen, U.S.A. (Ret.), is Secretary of the Association and also Editor of its official journal, the “Military 


Surgeon”’. 


A gift of $10,000 has been made to the National Society for Crippled Children and Adults by Alpha Chi 
Omega. This gift brings to a total of $35,000 the grants made by this Sorority to the National Society, for 
advanced study in the care and treatment of cerebral-palsied children. 





The International Congress of Physical Medicine, organized by the British Board of Management 
of the International Federation of Physical Medicine, will be held in London from July 14 through July 19, 
1952, under the presidency of Lord Horder. 

The meetings of the Congress will be reserved for matters dealing with the clinical, remedial, prophy- 
lactic, and educational aspects of physical medicine and the diagnostic and therapeutic methods employed 
in physical medicine and rehabilitation. 

In addition are planned technical, scientific, and historical exhibitions, as well as a full program of social 
events for members and associate members. Arrangements for visits of scientific and historical interest 
both in London and in the country are being made for the week of the Congress and the week following 
the Congress. 

Applications for the provisional program should be addressed to the Honorary Secretary, A. C. Boyle, 
M.D., International Congress of Physical Medicine (1952), 45 Lincoln’s Inn Fields, London, W.C. 2. 
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NICHOLAS S.° RANSOHOFF 
1896-1951 


After a gallant struggle lasting for more than two years, Dr. Nicholas Ransohoff died on April 25, 1951, 
at his home in Long Branch, New Jersey. His death is mourned not only by his immediate family and close 
friends, but by hundreds of patients, many of them victims of poliomyelitis, who regarded Dr. Ransohoff 
with a love and veneration seldom accorded to any human being. 

Born in Salt Lake City, Utah, fifty-five years ago, Dr. Ransohoff received his medical degree from the 
Columbia University College of Physicians and Surgeons in 1919. He served as an intern at the Lenox Hill 
Hospital in New York; and, following his graduation, he became attached to the general surgical staff of that 
Hospital. 

It was not until 1925 that he became interested in orthopaedic surgery. At that time, severe pain de- 
veloped in his feet, and for months he was unable to obtain any relief. When eventually, through an accurate 
orthopaedic examination, the cause of his disability was discovered and his pain was promptly relieved, his 
eager mind was stimulated to study orthopaedic problems. He began intensive work at the Hospital for Joint 
Diseases and in private practice with Dr. Leo Mayer. 

After a year, he continued his studies abroad, in Italy under Putti, in Germany under Biesalski, Lange, 
and Hohmann, and in England under Sir Robert Jones. There he became friendly with Reginald Watson- 
Jones, Harry Platt, Osmond-Clarke, and other rising British surgeons. On his return he was made an Associ- 
ate Attending Surgeon at the Hospital for Joint Diseases, a position which he held for about fifteen years. 
During this period he did much to help develop the concept of paralytic pelvic obliquity, and his thesis for 
admission to The American Orthopaedic Association was devoted to a critical evaluation of the first twenty- 
five cases in which fascial abdominal grafts were used for the correction of this condition. 

He was also fascinated by the problems of tendon surgery of the hand; and, with Mayer in 1936, he 
evolved the method of implantation of celloidin tubes to reconstruct the gliding pathway within fingers 
where the digital sheaths had been completely destroyed. Because of his general surgical training, he was able 
to develop an outstanding technique for orthopaedic operations. 

In addition to his activity at the Hospital for Joint Diseases, he inaugurated an orthopaedic and trau- 
matic service at the Monmouth Memorial Hospital in Long Branch, New Jersey. This service developed so 
rapidly that in 1942 he resigned from the Hospital for Joint Diseases in order that he might concentrate on his 
activity at the Monmouth Memorial Hospital. It was there, during an extensive local epidemic of poliomye- 
litis, that he first began to treat the muscle spasm of this disease with injections of curare. A patient showing 
unusually severe painful spasm could not be relieved by the application of hot packs. The thought occurred 
to Dr. Ransohoff, who at the Hospital for Joint Diseases had had frequent occasion to observe the beneficial 
relaxing effect of curare in cases of cerebral palsy, that the drug might be equally effective in relieving the 
spasm of poliomyelitis. The first injection had an amazing effect: the child who had been screaming with pain 
was within ten minutes completely relieved. This dramatic result led Dr. Ransohoff to a systematic use of 
the drug in all the early cases of poliomyelitis admitted to his Service. He never claimed any therapeutic prop- 
erties for curare, but he felt very strongly that it was a much more potent form of giving relaxation than the 
Kenny method. To study the physiology of paralyzed, spastic, and normal muscles, he developed a machine 
for measuring and recording their electrical reactions. This machine was housed in a special room, carefully 
insulated, into which no one was admitted except by Dr. Ransohoff’s permission. This was his “Holy of 
Holies”’; here he spent every availabie spare hour. Thousands of electromyographic records were made, 
which he studied night after night, He had the conviction that electromyography would develop an impor- 
tance for the orthopaedic surgeon equivalent te that of the electrocardiogram for the heart specialist. Death 
interrupted this work before its goal could be reached. 

Dr. Ransohoff was President of the New Jersey Orthopaedic Society, a fellow of The American Academy 
of Orthopaedic Surgeons, and a member of The American Orthopaedic Association. In addition to being Di- 
rector of Orthopaedic Surgery at the Monmouth Memorial Hospital, he was Consulting Orthopaedic Surgeon 
to the Children’s Country Home, Long Branch; the Betty Bacharach Home for Crippled Children, Atlantic 
City; Fitkin Memorial Hospital, Neptune; Riverview Hospital, Red Bank; and the Paul Kimball Hospital 
in Lakewood. 

To his friends, Dr. Ransohoff was always “Nick”. They loved him for his charm, his enthusiasm, his 
outgoing warmth, his eager desire to learn and to contribute to orthopaedic advance, his rectitude, and his 
kindness to little children and to the crippled adult. By his death they have lost a comrade whose place can 
never be filled. 
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THE PuysIoLoGy AND PATHOLOGY OF ExposuRE To Stress. A Treatise Based on the Concepts of the General- 
Adaptation-Syndrome and the Diseases of Adaptation. Hans Selye, M.D., Ph.D. (Prague), D.Sc. (Me- 
Gill), F.R.C.S. (Canada). Montreal, Acta, Inc., 1950. $14.00. 

Every now and then a new concept of a biological process is introduced which sheds new light on the un- 
derstanding of that process. For the bacteriologist, Ehrlich’s side-chain theory concerning the origin of anti- 
bodies dominated reasoning in this field for many years. For the physiologist, the researches of Walter B. 
Cannon led to the evolution of the ‘‘emergency theory”’ of the adrenal medulla. This theory led to contro- 
versy and supplied many a research problem in the course of proving or disproving it. It shed new light on 
the understanding of such seemingly unrelated phenomena as elevation of blood pressure, hyperglycaemia, 
and the motility of the gastro-intestinal tract. Now for the general broad field of clinical medicine (included 
is the field of surgery, as well as all the specialties), we have a concept of disease recently set forth which 
may prove to be of the same magnitude of importance as other concepts which have preceded it in the bio- 
logical sciences. The concept is that of the general adaptation syndrome, described in general and in great 
particular by its originator, Hans Selye. 

The general adaptation syndrome represents the evolution of certain ideas first set forth by Selye in 
1936. As a keen observer of the reaction of experimental animals to induced stress affecting large portions of 
the body (such as cold, fatigue, intoxications), he noted a repeated pattern of response. There was first the 
phase of shock or a condition characterized by sudden severe, general damage lasting from a few minutes to 
about twenty-four hours and a counter-shock phase in which the organism mobilized its defenses against the 
damaging agents. The dual entities were referr’’ to as the ‘“‘alarm reaction’’, alarm being used in the sense of 
stimulus or the rallying call of defense forces + se organism. The reaction pattern was of interest, in that 
response showed the same characteristics, although the variety of systemic stresses was great. 

This original concept then was enlarged to include two subsequent stages, provided that the stress con- 
tinued. There was the stage of resistance which often was remarkable in its duration, although even the per- 
fectly adapted organism could not maintain itself indefinitely in this stage. When adaptation could no longer 
be maintained, the stage of erhaustion was reached. Finally, there was conceived what is now termed the 
“‘general-adaptation-syndrome”’ which was considered to embrace the alarm reaction (with its two phases), 
the phase of resistance, and the phase of exhaustion.* It will be in the interests of further elucidation to quote 
directly from Dr. Selye’s book: 

“The reaction is general; it is elicited only by those stresses which are generalized (in that they affect 
large portions of the body) and it in turn evokes generalized, systemic defense phenomena. 

“The reaction is adaptive; it helps the acquisition and maintenance of a state of inurement. 

“The reaction is a syndrome; its individual manifestations are coordinated and partly even interde- 
pendent.” 

One further extension of the concept is in order at this point, because it is here that this new light focuses 
most brightly on the interests of the clinician. It has been conceived that many of the maladies of man which 
are dealt with daily in all parts of our hospitals are diseases of adaptation; that is, representations of the “de- 
railment”’ of the adaptation process. The adaptive reaction may be subdivided into insufficient, excessive, 
or abnormal reactions, and it becomes possible to fit almost any disease process into one of the phases or 
subphases described in the total concept just summarized. 

To the general practitioner and the specialist new illumination has been given in which he may view and 
explore the manifestations of disease; the hypertensive patient, the patient with ulcer, the suspected dia- 
betic now becomes the subject in which a search for stress is sought. For the orthopaedist, the findings of 
osteoporosis may impel him to seek an explanation in the depleted body proteins as a manifestation of the 





* Those interested in physiological or pathological manifestations of the various phases may find them 
summarized as follows: (1) Shock phase was characterized by hypothermia, hypotension, depression of the 
nervous system, decrease in muscle tone, hemoconcentration, deranged capillary and cell-membrane perme- 
ability, generalized tissue breakdown (‘‘catabolic impulse’’), hypochloraemia, hyperkalaemia, acidosis, 4 
transitory rise followed by a decrease in blood-sugar, leucopenia followed by leucocytosis, eosinopenia and 
acute gastro-intestinal erosions. (2) Counter-shock manifested itself by a reversal of most of the changes 
observed in Stage 1, that is, hypertension, hyperglycaemia, et cetera. These changes were synchronous with 
the stimulation of adrenal cortical activity and were held to be dependent upon the discharge of adrenal 
cortical substances into the blood. (3) The stage of resistance was entered into imperceptibly if the stress was 
chronic, and here the manifestation of Stage 2 continued and reached the maximum degree of development. 
(4) The stage of exhaustion was characterized by the reappearance of many lesions noted in 1 and 2,— sue 
as involution of thymico-lymphatic system, loss of adrenal lipids, gastro-intestinal ulcers. This final stage 
represented the loss of maintenance of adaptation. 
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stage of counter-shock.* He can hardly help but be fascinated by the section in which joint disease is inte- 
grated into the adaptation syndrome. 

This concept, or theory, like all preceding theories, is subject to controversies, misunderstandings, 
and misapplications; time, together with observation and experimentation, will give the final answer as to its 
validity. It is to be hoped that, with the understanding of the manifestations of stress, some relief from the 
symptoms may be supplied. If the theory serves nothing more than to integrate a large number of isolated 
observations into one logical and comprehensible whole, its value will have been in no measure small. 

The book itself serves as a reference source for those who wish to pursue in detail descriptions of the va- 
rious phases of the general adaptation syndrome as they apply to systems (skeletal, hemopoietic, lymphatic, 
vardiovascular, respiratory, muscular, nervous, gastro-intestinal) and organs (liver, kidney, et cetera). The 
bibliography is extensive and should be of great value to those wishing to consult original papers. 


A Text-Booxk or X-Ray Draanosis. By British Authors. Ed. 2, Vol. IV. Edited by 8S. Cochrane Shanks, 
M.D., F.R.C.P., F.F.R., and Peter Kerley, M.D., F.R.C.P., F.F.R., D.M.R.E. London, H. K. Lewis 
and Co., 60 Shillings; Philadelphia, W. B. Saunders Company, 1950. $15.00. 

The Second Edition of the Textbook of X-ray Diagnosis, edited by Shanks and Kerley, has recently been 
published. This textbook, formerly published as one volume, is now divided into four separate volumes. 
Volume IV, the one under review, deals with the bones, joints, and soft tissue. The material has been written 
by several contributors, and the book is divided into eleven parts with many subgroups and chapters. The 
conciseness of many of the chapters will have a definite appeal. The book as a whole, however, lacks coordina- 
tion and compactness in some parts; and, in others, it is sketchy, incomplete, and overlapping. 

Of especial interest are Part I and Part II. Part I presents briefly, but clearly, the roentgenographic 
anatomy of the various bones and joints, a subject not sufficiently stressed in many textbooks. This is ac- 
companied by a description of the common anomalies which often are confusing to the roentgenologist and 
specialist alike. The description of the many sesamoid bones has particular interest. An excellent chapter 
describes the procedure of examination, detailing the standard views required to make it satisfactory. 

Somewhat greater emphasis could have been placed upon the variations of growth and the structural 
appearance of bones and joints in childhood. Certain developmental features, such as centers of ossification 
and time of first appearance among others, are mentioned, but it seems to the reviewer that the subject 
should have been discussed in greater detail. 

Part IT deals with the physiology and pathology of the bone structure. The various types of bone struc- 
tures, the physiology of periosteum and endosteum; the physiology and pathology of the formation and depo- 
sition of bone, calcification of the bone matrix, normal growth, and reconstruction under pathological con- 
ditions are all covered. Bone erosion and destruction, necrosis, and new bone formation are discussed; and 
the differential points in roentgenographic diagnosis are brought out. The changes in the calcium content of 
bone and its reflection upon the roentgenographic density are mentioned, as well as the effects of infection, 
tumors, and metabolic disturbances upon the general physiology of bone. 

Nine parts are devoted to specific problems, among which are congenital deformities, traumatic lesions, 
inflammatory and constitutional disease, static and paralytic lesions, tumors, cysts, and lesions of soft tissue 
among others. Some of these chapters are excellent; others are somewhat too brief and sketchy. One of the 
latter deals with orthopaedic operations and their reflection upon the roentgenographic appearance of bone. 
The chapters on osteochondritis and on paralytic and neurotrophic disturbances could have been enlarged. 
Congenital malformations, fractures and dislocations, and particularly inflammatory disease of the bones and 
joints, including the various types of arthritis, are well presented. The final Part briefly describes various 
methods of localizatién of foreign bodies. 

On the whole, the authors are to be congratulated on making available a textbook which, despite a few 
shortcomings, is among the best written in the English language. Excellent illustrations of roentgenograms 
accompany the text. A good index and bibliography, which too often are neglected, add value to this textbook. 
It is to be recommended to all those interested in the roentgenographic aspects of bone conditions. 


Tue ParHotoGy oF ARTICULAR AND Spinau Diseases. Douglas H. Collins, O.B.E., M.D. (Liverpool). 
London, Edward Arnold & Co. 35 Shillings; Baltimore, The Williams and Wilkins Company, 1950. $7.00. 
Most pathologists in this country have neglected the study of joints, especially of the spine, probably 

because of autopsy restrictions,—at least that is one of the excuses often given. It is therefore very gratifying 

to weleome Dr. Collins’s little volume on his personal experience with the morbid anatomy of joint disease 
during the past fifteen years in hospitals in Leeds, Sheffield, and Liverpool. 
The book contains seventeen chapters, including two on the anatomy, embryology, and physiology of 
joint tissues. About a third of the book is devoted to osteo-arthritis, rheumatoid arthritis, and rheumatic 
* See also p. 182 Jn The Parathyroid Glands and Metabolic Bone Disease, by Fuller Albright and E.C. 
Reifenstein, Jr. Baltimore, Williams and Wilkins Co., 1948. 
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fever; a third to the diseases of the spine; and the remainder to such conditions as trauma, gout, infections, 
and tumors. The author also includes a very short chapter on the pathology of many of the common dis- 
orders of bone, ‘‘written mainly from the standpoint of the clinician, who has the x-ray of the patient in his 
hand’’, Since so many conditions are covered in this short chapter, each is by necessity so scanty that this 
reviewer believes it would have been better to have omitted it. Perhaps this space could have been better used 
for more reproductions of roentgenograms, even though the author states in his preface that he is omitting 
them purposely, since there are so many roentgenographic atlases devoted to this subject. This reviewer also 
feels that the value of the gross specimen is increased by having its corresponding x-ray shown. It would have 
been preferable, therefore, to sacrifice some of the photographs of patients with osteo-arthritis and rheuma- 
toid arthritis in order to include more reproductions of roentgenograms. 

The photographs of the gross and microscopic specimens are excellent. They are all taken from the au- 
thor’s own cases. The clarity of detail in these black and white figures, which number nearly 200, leaves 
nothing to be desired. 

The author prefers the use of the term “osteo-arthritis”’ rather than “degenerative joint disease”, the 
term more often used in this country. “‘It is more accurate in my opinion to say that the initial lesion of osteo- 
arthritis is destruction rather than degeneration of articular cartilage, since destruction of previously healthy 
cartilage will precipitate the condition, whereas degeneration alone without the destructive trauma will not 
do so. A disused joint never developed osteo-arthritis. A misused one often does.’’ This chapter and the two 
on rheumatoid arthritis are beautifully and clearly presented and illustrated. Although most authors agree 
that little has been added to the anatomical differentiation and description of these two conditions since that 
of Nichols and Richardson in 1909, Dr. Collins’s presentation is one of the best that has appeared in recent 
years; it is highly recommended to physicians interested in joint disease. 


LEHRBUCH DER RONTGENDIAGNOSTIK (Textbook of Diagnostic Radiology). 5. Auflage, 3. Lieferung. Skelett. 

H. R. Schinz, W. E. Baensch, E. Friedl, und E. Uehlinger. Stuttgart, Georg Thieme, 1951. (Distributed 

by Grune and Stratton, Inc., New York, N. Y.) 

In reviewing the third volume of such an unusual book as the T'extbook of Diagnostic Radiology by Schinz 
and his collaborators, it is difficult to avoid being repetitious in the expression of praise. 

Volume III is a direct continuation of Volume II, and deals further with conditions of the bones and 
joints. Like the two preceding volumes, it is characterized by an excellence of text, diagrams, tables, bibliog- 
raphy, and roentgenographic reproductions. 

The book is divided into four major parts. Malignancy of bone, malformation of bone, systemic diseases 
of bone, and the various types of arthropathies are the problems dealt with in the respective sections. 

The many types of primary bone tumors are excellently presented, particular emphasis being placed on 
the discriminating features and differential diagnostic points of each condition. Even the expert diagnostician 
will find information of inestimable value in these pages. 

One wonders at the extent of the knowledge displayed in the chapter on metastatic bone lesions, a chap- 
ter of particular interest and importance. An attempt has been made to coordinate the modes of metastasis 
and to correlate the predominant occurrence of secondary tumors in relation to the primary site of a given 
type of tumor. Certain statistical conclusions in regard to the location of the primary tumor, based on the 
location and characteristics of the metastatic manifestations, have been drawn. Analysis of the frequency 
of pathological fractures in bone tumors, metastatic from different primary sites, furnishes an important 
contribution on this subject. An unexpected and unfortunate omission, however, is the lack of discussion of 
the influence of hormonal therapy on metastatic bone lesions. 

The second part of the book deals with malformations of the skeleton, including some of the more bizarre 
varieties. This chapter should be of value particularly to the pediatric and orthopaedic surgeons, who by 
necessity must be well informed on these conditions which appear rather dry and uninteresting to the average 
roentgenologist. The reader will be stimulated by a superb text, numerous illustrations, charts, and tables 
of development and heredity. } 

In the third section, the many diseases of bone related to various metabolic and constitutional disturb- 
ances are discussed. In it are included vitamin deficiencies, hormonal imbalances, and allied disorders. As in 
the other sections of the book, the accompanying tables of distribution, roentgenograms, and photographs 
make the many complex and confusing features of these diseases more comprehensible to the reader than an 
unillustrated text. 

If any distinction can be made, the chapters dealing with diseases of the joints may be recommended 
as the best. This section is almost a monograph in itself. Of special interest is the discussion on the various 
types of arthrography. There are excellent descriptions of different techniques and methods, the relative 
merits of which are compared. Normal and pathological findings of arthrographic studies of the temporo- 
mandibular, shoulder, and knee joints are given; and various types of derangement of the knee joint are 
demonstrated. 

Traumatic changes of the joints—dislocations, subluxations, and contusions—are well presented, as are 
the various arthritides. Many points in the differential diagnosis of infectious arthritis, rheumatoid arthritis 
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with its numerous manifestations, as well as degenerative changes including those resulting from neurotrophic 
disturbances, are brought out. 

An interesting chapter treats of hereditary diseases of the joints, including those in hemophilia, alkapto- 
nuria, congenital dislocations, and others. Neoplastic joint diseases, however, are covered rather briefly; 
Baker’s cysts are not mentioned, and the discussion of synovioma is too sketchy for a malignant lesion of its 
importance,—a tumor which is not uncommon and which in recent years has been the subject of extensive 
study in this country. 

A short description of ankyloses, arthroplasties, osteotomies, and regeneration of joints concludes 
Volume ITT. 

Like the two preceding volumes, this book is outstanding in its comprehensive presentation of all the 
problems under discussion. Roentgenographic, clinical, and pathological studies are combined to make this 
of greater value and interest than the usual type of textbook. This effort to coordinate pertinent roentgen- 
ographic problems in the light of modern clinical and pathological knowledge in itself represents an accom- 
plishment which demands the respect and gratitude of all those who have an opportunity to study this work. 
Schinz and his collaborators are to be congratulated on making this admirable textbook available to the 
medical profession. 


Tue CLosep TREATMENT OF ComMMON Fractures. John Charnley, B.Sc., M.B., F.R.C.S. Edinburgh, 

McLagan and Cumming, Ltd.; Baltimore, The Williams and Wilkins Company, 1950. $7.00. 

Mr. Charnley has summed up in a very concise and expertly illustrated text the closed treatment of the 
more common fractures. His approach is new and stimulating: In his preface, he outlines his primary thesis, 
ac . an attempt is here made to re-emphasize the non-operative method, and to show that far from being 
a crude and uncertain art, the manipulative treatment of fractures can be resolved into something of a 
science’’. 

Throughout his book, Mr. Charnley first creates a mental picture of the fracture deformity with its 
damaged and undamaged soft parts. It is with this concept of damaged soft parts and intact supporting soft 
tissues that the mechanics of reduction and maintenance of reduction are made clear. Wooden models with a 
strip of leather, representing the intact periosteum and fibrous structures, illustrate typical fractures. 

The chapter on “Plaster Technique” demonstrates effective and safe methods of successful plaster 
applications. 

The author has included in this book his original observations on the cause and prevention of joint stiff- 
ness, and he reviews the factors which govern the recovery of joint movement following a fracture. This sub- 
ject is well considered from mechanical, biological, and physiological aspects. Mr. Charnley will stimulate 
the reader to further thought on this subject. 

The section on the design and use of the Thomas caliper splint contains an interesting historical review 
of this very important piece of apparatus with many practical suggestions for its correct use. 

Although the book is addressed primarily to the young casualty surgeon, a busy fracture surgeon will 
find sound reasoning and a timely emphasis on indications and methods of closed treatment of fractures. 
Sir Harry Platt aptly states in the Foreword of the book: ‘There is much in this monograph which will per- 
suade the experienced orthopaedic surgeon to re-examine some of his most cherished pre-suppositions’”’. 


PLAsTIC AND RECONSTRUCTIVE SurGERY. A Manual of Management. Ferris Smith, M.D., F.A.C.S. Phila- 
delphia, W. B. Saunders Company, 1950. $15.00. 

The author of ‘Plastic and Reconstructive Surgery”’, Dr. Ferris Smith, has been one of the leaders in 
American plastic surgery during the past thirty years. Sections of the Military Manual of Plastic and Mazillo- 
facial Surgery, published during World War II, were edited by him and form the basis for the present volume. 

The first four chapters of this book deal with general consideration of patient care, tissue transplantation, 
the multiple problems of facial clefts, fractures of the face, burns, wound healing, dental prosthesis, and the 
principles of planning and execution of operative procedures. The remaining chapters are concerned with 
regional problems, chiefly those of the face, head, and neck, but chapters dealing with the trunk and the 
extremities are also included. In each of the latter chapters, the author presents illustrative cases and discusses 
selection of the method of correction. The surgical procedures in each case are related in detail with a step- 
by-step description of the technique. 

The author emphasizes throughout the text what he calls the “cosmetic disability’’ and discusses the 
tendency to use skin grafts and remote flaps for repairs which could be accomplished by the proper utilization 
of local tissue. This principle deserves consideration and has an influential champion in Dr. Smith. It has 
functional limitations, however, because the mobility of any part of the body depends on an adequate “skin 
envelope” in which to move. For example, the use of multiple local flaps in the hand crippled by a burn con- 
tracture can never provide as satisfactory a functional result as can a skin graft. 

This volume will prove stimulating to those contemplating a career in plastic surgery. It should also be a 
valuable reference book toany whoare confronted by surgical problemsin plastic and reconstruction surgery and 
need helpful detailed guidance of how to proceed. A vast store of clinical experience is represented in this book. 
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FRACTURAS DEL ExtTrREMO INFERIOR DEL Raprio (Fractures of the Lower End of the Radius). José A. H, 

Bulfaro. Buenos Aires, Editorial Universitaria, 1947. 

This is an excellent example of the increasing number of practic.'! orthopaedic monographs which are 
being written by our South American confréres. The author discusses the normal anatomy of the lower end 
of the radius and its relation to the pathological deviations. 

He then reviews the history of fractures in the lower end of the radius. Only fractures of the fingers are 
more common. Most of the fractures of the lower end of the radius are the result of either industrial injuries 
or osteoporosis seen with advancing age. They comprise 8.8 per cent. of all fractures and occur most commonly 
between the ages of thirty and fifty. Eighty per cent. occur in men. 

The author classifies the fractures of the lower end of the radius as follows: 


1. Juxta-articular or peri-articular fractures: 
a. Classical type (Pouteau-Colles), 
b. Fractures in children (e;:i hysiolysis), 
c. Rare type (inverted). 
2. Articular fractures: 
a. Partial, 
b. Complete. 
3. Fractures or other lesions associated with fractures of the distal third of the radius: 
a. Ligamentous injuries, 
b. Separation of the ulnar styloid, 
c. Fracture of the lower erid of the ulna, 
d. Luxation of the lower radio-ulnar joint, 
e. Fractures and dislocations of the carpal bones, 
f. Lesions of the nerves. 


The various theories concerning the mechanism causing the fracture are reviewed. Fractures of the lower 
end of the radius usually result from the hyperextension of the wrist; in children, because of the attachment 
of the ligaments, this injury produces epiphyseal separation. There may be indirect force transmitted from the 
palm of the hand, there may be a ligamentous pull, or there may be a direct crushing injury. Much depends 
upon the position of the hand during the fall. The author believes that the direct transmission of force with 
inward deviation of the wrist explains complete fractures or crush injuries. 

The author divides treatment into that for fractures without displacement or penetration and that for 
fractures with displacement or penetration or both. In the first type, he advises the use of a padded circular 
plaster cast from the upper third of the forearm to the heads of the metacarpals for three or four weeks. In 
the second type, with displacement or impaction, one should obtain as exact a reduction as possible under 
local anaesthesia. He recommends the use of a special] apparatus, described by Ayrola in 1939 in El Dia 
Medico, with clamp traction upon the thumb and with slight traction upon the other fingers. Traction with 
fifteen to thirty kilograms is continued until the fracture can be reduced by gentle manipulation. Restoration 
of the normal length of the radius is essential. To achieve this, the wrist is held in maximum ulnar deviation, 
and a padded circular plaster cast is applied before traction is loosened. The plaster should be well molded 
about the base of the thumb and should extend from the elbow to the heads of the metacarpals, leaving the 
thumb free. The reduction should be checked by roentgenogram. The limb is usually kept elevated for the 
first twenty-four hours, and the arm should be examined the following day. If there is oedema or impairment 
of the circulation, a rare occurrence with this technique, the plaster is split along the ulnar side. 

In fractures fairly high on the radial shaft, the plaster may extend to the upper third of the arm. The 
treatment will vary with the type of fracture. In inverted fractures, the wrist may have to be put in slight 
dorsiflexion. With fractures of the ulna or ulnar styloid, ulnar deviation may not be required. From the be- 
ginning, all joints should be actively exercised except those which must be immobilized. After the plaster 
has been removed, in from four to five weeks, heat, exercise, and occupational therapy should be continued 
until full motion and strength have been regained. 

The complications and sequelae mentioned by the author are adhesions following tendonitis, vernous 
stasis, errors of consolidation, laxity of the ligaments about the wrist, rigidity and ankylosis of the joints, and 
lesions of the median and ulnar nerves. Late sequelae including fraying of the long extensor of the thumb, 
traumatic osteoporosis, and Sudek’s atrophy are also discussed. 

The author deplores the statistics which give early rather than late results in these fractures. He reviews 
the histories of fifty-nine cases followed for a prolonged period. Surgery is mentioned briefly but is not 
discussed. 

A chapter on the laws of traumatic injuries as they concern these fractures is added. There are a number 
of excellent photographs, and a comprehensive bibliography is given. 


Post-GrapuaTEe LecrurEs ON OrTHOPAEDIC D1aGNosis AND INpicaTions. Vol. I. Arthur Steindler, M.D., 
F.A.C.S. Springfield, Illinois, Charles C. Thomas, 1950. $7.50. 
For many years the numerous students of this renowned teacher and clinician have been urging him to 
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make his lectures available in book form. The present volume is Volume I in this series, and it sets a high 
standard for the other two volumes now being written. 

Volume I is divided into two sections: 

Section A: Propedeutics in Orthopedic Diagnosis, 
Section B: Congenital Deformities and Disabilities. 

The term propedeutics in Section A means preliminary instruction. The author skillfully takes the 
student of orthopaedic surgery through the fundamentals of this field to prepare him for the day when he 
must analyze and manage clinical situations. 

As has been his custom through more than thirty years of clinical teaching, Dr. Steindler vigorously 
emphasizes that the student is not ready to learn details of operative technique until he has learned diagnosis 
and indications. 

The titles of the lectures in Section A are: 

I. Symmetry and Asymmetry of the Body. 

II. Contractures. 
IIIf. The Interpretation of Pain in Orthopedic Surgery. 
IV. The Pathology of the Gait. 

There is much on kinesiology in this first section; in this complex field Steindler has no peers. The student 
will also acquire from this book an orientation in that difficult borderline area which lies between normal and 
pathological behavior of the locomotor system. 

In Section B, material is presented on a wide variety of congenital deformities of the skeletal system. 
This is not merely a description of these deformities, but includes a historical review, a detailed evaluation, 
and an analysis of their pathomechanics. 

The following lectures make up Section B. 

I. Congenital Deformities of the Locomotor System. 
II. Congenital Deformities Due to Disturbance of Bone Growth: the Chondrodystrophies. 
III. Congenital Deformities of the Spine and Thorax. 
IV. Congenital Talipes. 
V. Congenital Defects and Malformations of the Long Bones of the Lower Extremities. 
VI. Congenital Dislocation of the Hip. 
VII. Congenital Deformities of the Upper Extremity. 

Whereas volumes on operative technique are soon out of date, this treatise on diagnosis and indications 
deals with fundamentals which change but little with the years. This fine book will undoubtedly have a long 
and useful life, and should be within easy reach of all whose work is concerned with the locomotor system. 

Most of the illustrations have been well reproduced, and the publisher deserves to be commended upon 
the fine physical qualities of this book. 


Surcery, OrTHopox AND Hereropox. Sir William Heneage Ogilvie, K.B.E., D.M., M.Ch., F.R.C.S. 
Oxford, England, Blackwell Scientific Publication Ltd.; Springfield, Illinois, Charles C. Thomas, 1950. 
$4.00. 

This book is made up of twenty-one reprints from medical journals which the author has pruned and 
rejuvenated. The articles themselves deal] not only with the philosophy of the surgeon’s art, but also represent 
a collection of clinical observations and principles. The author’s point of view is both thoughtful and thought- 
provoking. His observations arise from a vast experience gained from wide travel and from an extensive 
acquaintance with fellow surgeons in Britain aad in America. Such articles as those dealing with orthodoxy 
and heterodoxy, religio chirurgi, and a surgeon’s life show deep insight into the philosophical principles of the 
profession. The provocative article on ‘‘The American Surgeon” gives us a fair commentary on our American 
ways, and helps us to “see ourselves as others see us’’. Three chapters of particular interest are ‘‘ Misleading, 
Leading Symptoms”, “The Place of Medical Societies in the Doctor’s Life’, and ‘‘Sociai Medicine”. The 
latter article, although brief, contains several good phrases. ‘‘Organization must come in all states and in all 
sciences. . . . Organization is no substitute for genius. No amount of bureaucracy could have discovered 
penicillin.” “Bureaucracy, by its very nature, tends to go beyond its mandate. Its job is to regulate, and it is 
thus apt to love regulation for its own sake. . . .” 

All in all, this book provides a wealth of mature and well expressed opinions which the author has plainly 
drawn from a busy lifetime spent in the practice of surgery. 


Histotoey. Arthur Worth Ham, M.D. Philadelphia, J. B. Lippincott Company, 1950. $10.00. 

It is seldom that one picks up a textbook and discovers that within its scope it completely fulfills all his 
needs. Such a book is Professor Ham’s Histology. It is easy for students to understand; Professor Ham has an 
extraordinary gift of exposition, both in word-picture painting and schematic line drawing. No subject seems 
too difficult or too complex for his facile pen. For example, the developmental and growth sequences of 
cartilage and bone are presented with a clarity that brings a far deeper insight and understanding than many 
students would believe they could possibly have attained. The orthopaedic surgeon who masters the chapters 
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which concern him—and this means most of the book—will find himself amply rewarded, not only in his 
grasp of first principles as they apply to his specialty, but in his ability to interpret and understand the new 
developments in medicine and in surgery in general—in a word to keep abreast of the times. 

While naturally the emphasis is on structure, the reader will find that he is maintaining at all times a keen 
interest in chemical, physical-chemical, and enzymological processes which are going on hand-in-hand with 
the morphological changes he observes. 

From the publishing standpoint, the workmanship is good. There are some 756 pages with 445 figure num- 
bers in the reproduction of which the standard is consistently high. 

As a medical-school and biological-science text for general courses in histology, and for background for 
the medical-research worker and for the clinician, this book seems ideal. It seems hardly too enthusiastic to 
suggest that it may well be destined to become a classic. 


MANUAL oF RuEvumatic Diseases. W. Paul Holbrook, M.D., and Donald F. Hill, M.D., with the assistance 
of Charles A. L. Stephens, Jr., M.D. Chicago, The Year Book Publishers, Inc., 1950. $4.50. 

In this little manual the authors have prepared for the general practitioner a guide to the understanding 
and treatment of various types of arthritis and rheumatic disease, as well as of the collagen diseases. 

In brief and simple form, the authors have stated the accepted facts about these diseases and have given 
precautions for the prevention of fixed deformities. Well chosen illustrations demonstrate the acute phases 
of the diseasegand resultant deformities. 

One chapcer is devoted to cortisone and ACTH, and their possible places in the future treatment of these 
conditions. The chapter on “Prevention and Correction of Deformities” should be of special value to the 
physician, who first sees patients suffering from these diseases. As a concise manual for this group, the book 
fulfills its purpose. 

PuystoLoGy AND ANATomy. Ed. 6. Esther M. Greisheimer, B.S., M.A., Ph.D., M.D. Philadelphia, J. B. 

Lippincott Company, 1950. $4.00. 

This is the sixth edition of an excellent introductory course in physiology and anatomy which is written 
primarily for student nurses, from the author’s experience in teaching. 

The sixth edition presents in several places an extensive rewriting or revision. Much new material has 
been added; much material has been brought up to date; and much, in the author’s own words, has “been 
treated more adequately than in previous editions”. The principal change to be noted is the complete revision 
of the chapters on the physiology of the muscular system and on the blood. Also, the chapters on the cir- 
culatory system and vitamins have been brought up to date. 

This text, attractively bound and illustrated, should be a valuable addition to the student’s reference 
library. It is a compact and convenient volume, and the fundamentals of anatomy ‘and physiology are so 
lucidly presented that the student gains a new appreciation of the relationship between human structures 


and their functions. 


EVALvuATION OF INDUSTRIAL DisaBILity. Prepared by the Committee for Standardization of Joint Measure- 
ments in Industrial Injury Cases of the California Medical Association and Industrial Accident Com- 
mission, State of California. New York, Oxford University Press, 1950. $4.00. 

Since the evaluation of industrial disability has been accomplished in the past by several conflicting 
methods, the results have been confusion, delay, and inconvenience for all persons concerned. This manual 
is an attempt by a group of California medical men and other interested persons to introduce in their state 
a degree of uniformity for joint measurement in industria! accident cases. It will also enable medical examin- 
ers to give a clear word picture of the extent of disability, in terms which laymen as well as medical men will 
be able to employ without risk of misunderstanding. 

The first section of the manual is devoted to general instructions on the fundamentals of reporting joint 
motion, the evaluation of subjective complaints, and the evaluation of abnormalities and deformities in 80 
far as they concern the report; it continues with detailed instructions, fully illustrated, for joint disability 
measurement; and it concludes with a brief consideration of certain special disabilities — those of the eye, 
ear, head, and mind. 

Well bound and profusely illustrated, this book should enable medical examiners to introduce into the 
writing of their reports a considerable degree of uniformity. 


J 


A Synopsis or SuraicaL ANatomy. Ed. 7. Alexander Lee McGregor, M.Ch. (Edin.), F.R.C.S. (Eng.). Bris- 

tol, England, John Wright and Sons Ltd.; Baltimore, The Williams and Wilkins Company, 1950. 

Those acquainted with the earlier editions of this rightfully popular and practical collection of essays on 
surgical anatomy will find that the great bulk of material and illustrations in this new edition is familiar. 

New sections have been added to two of the essays,—a discussion of transthoracic approaches to the 
essay on “The Anatomy of Surgical Approach” and a presentation of operations on the blood vessels to the 
essay on “The Anatomy of Surgical Procedures”. While these are the most complete revisions in the book, 
changes have been incorporated in several other sections of the work; the section dealing with the sympatheti¢ 
nervous system has some new material. The work as a whole boasts some seventy new illustrations. 
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